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INTRODUCTION 
Cultivars of thomless honeylocust, Gleditsia triacanthos L. var 
inermis, have been widely planted in urbanized environments in the United 
States, often as a replacement for the American elm. The honeylocust is a 
desirable tree from a horticultural standpoint because it grows rapidly, has 
attractive form and foliage, is tolerant of drought and poor soils, is easily 
propagated, and is readily transplanted (Dirr 1983). 
Nielsen et al. (1985) listed honeylocust as one of the ten most common 
street trees and as one of the top five best adapted trees in the north central 
states. They did mention, however, that honeylocust is commonly attacked by 
numerous pests. 
The mimosa webworm (MWW), Homadaula anisocentra Meyrick 
(Lepidoptera: Plutellidae), is one of these pests. Olkowski et al. (1978) have 
listed this pest as one of the major shade tree insect problems in the United 
States. Common to much of the urban planting range of honeylocust, MWW 
larvae web the honeylocust leaflets together as they feed. The windowpaned 
leaves desiccate and turn brown, giving the tree a scorched, unsightly 
appearance. Although seldom causing death directly, severe or repeated 
defoliations undoubtedly serve as an additional source of stress for the plant, 
as with other tree species (e.g., Houston 1973,1985). 
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In Iowa, as in much of the midwest, the MWW is primarily an urban 
forest pest. The urban forest concept tends to defy formal definition. For 
purposes of this dissertation, the urban forest will be considered to include 
"all woody vegetation within the environs of all populated places, firom the 
tiniest villages to the largest cities" (Grey and Deneke 1986). 
While considered forests per se, the urban forests are artificial and 
differ from the native woodlands that surround them (Rowntree 1984). 
Urban forests are more diverse, not only in terms of plant species, but in the 
number of insect species as well (Owens 1986). Urban forests are usually 
under greater stress than native forests. Temperatures tend to be warmer 
(Federer 1976), the air and soils more polluted and, as a result of construction 
practices, the soils more compacted and the trees more likely to suffer 
mechanical damage. Stressed woody plants in urban areas may be more 
prone to attack by both arthropod pests (Nielsen 1979, Potter 1986) and 
diseases (Schoeneweiss 1981). In addition, the diversity of urban forest 
structures (streets, sidewalks, buildings, plant materials, etc.) can result in 
large microclimate differences over very short distances. 
Variations in microclimate within urban forests can affect the 
interaction between an insect species and its host(s). Such interactions have 
been observed for the gypsy moth, Lymantria dispar L. (McManus et al. 
1979), and the bronze birch borer, Agrilus anxius Gory (Ball and Simmons 
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1980). The MWW has proven to be an additional species whose populations 
are influenced by microclimate within urban environments. Variations in 
microclimate associated with tree location (Hart et al. 1986) and temperature 
(Miller and Hart 1987) greatly influence MWW populations from year to year. 
Certain cultivars of honeylocust have been described as having different 
levels of susceptibility to the MWW. The cultivar 'Sunburst' has been listed 
as more susceptible than other cultivars commonly planted (McManus 
1962a, Schuder 1976, Craig 1977, Dirr 1983). Other cultivars, including 
'Moraine,' 'Skyline,' 'Imperial,' 'Shademaster,' and 'Green Glory,' have 
been associated with greater levels of resistance, even though they are still 
subject to heavy infestations (Schuder 1976, Dirr 1983). These descriptions 
and consequent planting recommendations have been made, even though no 
statistical tests of honeylocust cultivar resistance have been published in the 
literature. McManus (1962a) observed more colonies and faster development 
times of MWW larvae on the cultivar 'Sunburst,' but the data were from a 
relatively small number of trees and no statistical designs or analyses were 
mentioned. 
To better understand the relationships between honeylocust cultivar 
and MWW infestations, a study was planned to provide information on the 
effects of honeylocust cultivar on larval, pupal, and adult biology. The study 
involved rearing MWW larvae on the foliage of different honeylocust cultivars 
under laboratory conditions. The hypothesis was that comparisons of 
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biological parameter measurements obtained from different cultivars would 
give an indication of any potential resistance to the MWW. Such 
information, combined with recent research (Miller 1984, Hart et al. 1986, 
Miller and Hart 1987) which has indicated that proximity to certain 
overwintering sites may influence infestation rates among honeylocust trees, 
would expedite the development of an integrated pest management (IPM) 
strategy for this insect. 
Before such a study could be initiated, information that related 
development of immature MWW life stages with temperature was required. 
Without such information, rearing temperatures which would allow 
detection of potential resistance between honeylocust cultivars, but not result 
in stress upon the insects, could not be determined precisely. Because this 
information was unavailable, a separate study was planned to obtain a model 
defining the general developmental parameters of the MWW in response to 
temperature. 
Site, winter temperatures, and host-plant resistance may not be the 
only factors influencing local MWW populations. Sampling of webworm 
populations during the summer of 1984 showed relatively high levels of 
parasitism among first generation MWW prepupae. The principal 
parasitoid responsible for this parasitism had been previously identified as 
Elasmus albizziae Burks (Hymenoptera: Eulophidae), a known parasitoid of 
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the MWW (Burks 1965). To assess the potential efifectivcness of E. albizziae 
in a MWW pest control program, a study was planned to determine the 
percentage of MWW prepupae killed by the parasite in Ames, Iowa. Also, 
because very little was known about the biology of this parasitoid, laboratory 
rearing studies were conducted to obtain information about the insect's basic 
life history. 
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LITERATURE REVIEW 
The Mimosa Webworm 
The mimosa webworm (MWW), Homadaula anisocentra Meyrick 
(Lepidoptera: Plutellidae), was first recorded in North America during the 
summer of 1940 (Clarke 1943) when it was observed feeding on foliage of silk 
tree, Albizzia julibrissin Durazzini, in the Washington, D.C. area. Several 
adults, accompanied by larvae and pupae, were submitted to the 
Smithsonian Institution for identification. The insect could not be identified 
as any known North American species, and was eventually traced to the 
Australian genus Homadaula Lower. As the North American specimens 
did not match any of the described species of Homadaula, they were 
described as a new species, Homadaula albizziae Clarke. 
Categorized as a glyphipterygid, Clarke provided formal, written 
descriptions of all life stages, as well as notes on the insect's biology. He 
noted that the life cycle was fairly short (22 days) and that two or three 
generations were present each season. The larvae were reported to web the 
foliage together and skeletonize the leaflets. After the larvae completed 
development, Clarke observed that they dropped to the ground on silken 
threads and crawled to nearby objects where they spun cocoons in protected 
locations. Some larvae were observed to spin cocoons on the host-plant 
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foliage, but no mention was made to whether or not this behavior was 
characteristic of members of a certain generation only. 
Clarke (1943) reported that during the 3 year period covered by his 
observations, the MWW had only spread 10 miles from the point where it was 
first discovered. No evidence of the insect's presence beyond this 10 mile 
limit could be found. 
The first detailed discussion of MWW biology and control was published 
by Wester and St. George (1947). In addition, the authors first reported the 
use of honeylocust Gleditsia triacanthos L., as a host-plant and gave 
information about the spread of the MWW. 
Wester and St. George (1947) presented a detailed description of the 
MWW life cyde. They observed two complete generations as well as a partial 
third in the Washington, D.C. area. Differences in behavior between 
generations were observed, in that the larvae from the summer broods 
remained on the foliage during pupation, whereas those of the later broods 
left the foliage to pupate in ground litter, on tree bark, or beneath the siding of 
buildings. They commented that the larval webbing of the first generation 
was only mildly conspicuous, but that later in the season the combination of 
first and second generation webbing became quite unsightly. The generation 
time of the first and second generations were reported as 6 weeks and 3 to 4 
weeks, respectively. 
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Silk tree and honeylocust were both listed as equally attractive to the 
MWW. Because it did not produce as much new foliage during the growing 
season, however, honeylocust was considered more susceptible to damage 
than was silk tree. Size of the honeylocust trees also seemed to be important, 
as small trees appeared to be more heavily attacked than did larger trees. 
Adequate control was achieved by Wester and St. George (1947) by using 
either lead arsenate or DDT cover sprays. Honeylocust did not require as 
many spray applications as did silk tree, because it produced a smaller 
amount of new foliage during the growing season. It was recommended that 
the first spray application be made as soon as the MWW larvae were detected, 
normally about the middle of June. Subsequent sprays were recommended 
at 4 to 5 week intervals. 
Wester and St. George (1947) noted that the MWW was spreading 
rapidly from the Washington, D.C. area. By 1947, they had observed 
infestations up to 650 miles south of this locality and they predicted that it 
would soon spread over all of the eastern United States. 
No papers dealing exclusively with the MWW were published during 
the 1950s. Mention of the MWW was made in several books which dealt with 
the control of general insect pests (Craighead 1950, Westcott 1956). Schuder 
(1958), in a paper dealing with new pests of ornamentals in Indiana, reported 
that the MWW was first noticed in the Indianapolis area in 1953. He 
presented a brief description of the insect and its damage, as well as means 
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of control. The MWW was also the subject of several U.S. Department of 
Agriculture pamphlets (Anon. 1954, Anon. 1959), which reported that the 
pest had spread to the northern border of Mississippi and to the southeastern 
part of Missouri. 
Rodriguez (1961) was the first to use systemic insecticides in an effort to 
control the MWW. Phorate and demeton were applied, using three 
techniques (foliar spray, trunk injection, and soil injection), and disulfoton 
was applied in a granular form to the soil surface. Trunk injections gave 
unimpressive results, with a high degree of variability among the 
experimental trees. Placing the chemicals in holes drilled in the soil 
likewise gave poor results, with very high rates required to obtain control. 
Foliar sprays were effective for a short period, but one application was not 
enough to keep the experimental trees insect-free for the entire season. 
Disulfoton and phorate granules, when broadcast beneath the canopy of the 
tree or applied as an emulsion, were very effective. The authors noted, 
however, that periods of high rainfall were encountered following application 
of the chemicals. It was thought that the effectiveness of the insecticides was 
due to the high amount of soil moisture which carried the chemicals into the 
root zone. 
McManus (1962a) discussed the spread of the MWW across the United 
States and made detailed studies of its habits and immature life stages. 
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Through head capsule measurements, five larval instars were identified. 
Physical descriptions of each instar were provided as were the required 
development periods. Mating and ovipositional behaviors were described and 
fecundity records provided. A brief summary of these findings were reported 
to the North Central Branch of the Entomological Society of America 
(McManus, 1962b). 
McManus (1962a) also investigated the effects of honeylocust cultivar on 
the development of the MWW and reported the biological control agents he 
observed while working with this insect. Discussion of these topics in this 
literature review will be conducted in sections specifically reserved for them. 
The first official record of the MWW in Iowa was noted in 1963. An 
adult female emerged February 2, 1963 from an overwintering pupa held 
indoors (specimen deposited in the Iowa State Insect Collection, Ames, 
Iowa). The pupa was procured from a larva collected on September 26,1962 
in Council Bluffs, Iowa, by W. S. Craig. 
In 1946, the name "mimosa webworm" had been accepted as the official 
common name for Homadaula anisocentra Meyrick, then listed as H. 
albizziae Clarke, by the American Association of Economic Entomologists 
(Muesebeck 1946). In 1968, Clarke (1968) synonymized ff. albizziae withH. 
anisocentra, which had been described from China in 1922 (Meyrick 1922). 
Between 1922 and 1968, H. anisocentra had been assigned to several other 
genera (Clarke, 1968). Clarke still included Homadaula in the 
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Glyphipterygidae, as opposed to most of the earlier writers who placed the 
genus in the Hyponomeutidae. H. anisocentra replaced H. albizziae in the 
Entomological Society of America list of ofSdal common names in 1970 
(Blidcenstaff 1970). 
Heppner (1978) took issue with Clarke's (1943,1968) familial placement 
of the genus Homadaula. Whereas Clarke had placed the genus in the 
Glyphipterygidae, Heppner believed that larval characteristics and pupal 
behavior excluded the genus from this family. He placed the genus in the 
Plutellidae based on the same characters he believed excluded it from the 
Glyphipterygidae. 
Kyrki (1984) reassessed the Yponomeutoidea, the superfamily that 
included the genus Homadaula. Kyrki reported that adult, larval, and 
pupal characteristics indicated that the MWW did not belong in that 
superfamily. Therefore, the assignment of the MWW to the Glyphipterygidae 
(Clarke 1943,1968) or to the Plutellidae (Heppner 1978) could not be accepted. 
The author did not infer any assignment of the genus, however, and believed 
the systematic position of Homadaula required further study. 
Galford and Peacock (1968) discussed rearing methods for the MWW. 
They presented an artificial diet based on a formulation used for com borer 
larvae. Honeylocust leaf powder was added to the corn borer diet to serve as a 
phagostimulant for the MWW larvae. Field collected, late instar larvae were 
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reared on the diet, although the authors reported that the formulation was 
not suitable for rearing larvae from egg to pupation. During the winter 
months, larvae were reared on honeylocust seedlings grown in the 
greenhouse. The procedure for greenhouse rearing was also provided. It 
was mentioned that attempts were underway to develop an artificial diet that 
would be satisfactory for oviposition and for development of all larval stages. 
This, however, was not accomplished. 
Peacock and Pisk (1970) used these techniques while they studied 
phagostimulants of MWW larvae. Their observations confirmed the 
oligophagous feeding behavior of MWW larvae. Two species of Gleditsia, G. 
triacanthos L. and G.japonica Miq., were acceptable to MWW larvae 
when dried leaf powder was added to a agar diet. Four other species, 
Alhizzia juUbrissin Durazzini., Albizzia lophantha (A. distachya 
[Venten.]), Ulmus pumila L., and Robinia pseudoacacia L. were not 
acceptable under similar circumstances. The observation that Albizzia 
juUbrissin was unacceptable was unusual because silk tree was considered 
a primary host for the MWW. The authors believed that because their 
experimental strain of MWW had been reared on honeylocust, it was better 
adapted to honeylocust as opposed to silk tree. 
Water soluble feeding stimulants that were identified included the 
sugars sucrose and fhictose, and the amino acids alanine, proline, and 
lycine. Synergistic effects between these were observed, and the authors 
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believed that additional, unidentified feeding stimulants were also present. 
It was determined that at least one chloroform soluble chemical was 
present that synergized the stimulatory activity of sucrose. Partial 
purification of this compound was achieved, but complete purification and its 
subsequent identification was unsuccessfid. The authors believed that the 
unidentified compound acted as a feeding incitant, as opposed to a true 
feeding stimulant. 
Slifer (1979) described the antennal sense organs of the MWW. She 
found five types of sensory organs on the antennal flagellum: 1) tactile hairs, 
2) thick walled chemoreceptors, 3) thin walled chemoreceptors of several 
kinds, 4) styloconic chemoreceptors and 5) small chemoreceptor pegs in 
shallow depressions. No coeloconic sense organs were observed. This paper 
was one of a series in which the author investigated the antennal sense 
organs of representatives of several different insect orders. 
While working on MWW sex attractants. Miller and Triplehom (1979) 
developed a method of easily sexing MWW pupae. They reported that male 
pupae had seven visible abdominal segments whereas the females had only 
six. Furthermore, if the pupae were oriented ventrally, the number of 
complete abdominal segments caudad to the most distal portion of the wing 
tips could also be used. In this orientation, males had four segments 
exposed, while the females had only three. (Note: My observations indicate 
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that the total number of abdominal segments reported in this paper for both 
males and females is in error. I believe that male pupae have eight visible 
abdominal segments and the females seven.) 
North (1981) and North and Hart (1983) reported on the ovipositional 
preferences of the MWW. They foimd that in the absence of larval webbing, 
female MWW preferred to oviposit on the leaf petioles as opposed to the 
branches, rachi or leaflets and preferred mature foliage to young. No 
differences were observed in oviposition rates between honeylocust and silk 
tree. 
When larval webbing was present, however, MWW females would 
oviposit preferentially on webbing regardless of where it was located. If 
webbing was placed on a wooden dowel, for example, the females would 
oviposit on the webbing covered dowel in preference to host-plant foliage 
without webbing. Females were observed to use contact chemoreception to 
determine suitability of the oviposition site. The authors determined that any 
oviposition stimulation factor present on the larval webbing was identified by 
sensory cells on the female's antennae. 
North's (1981) work indicated that the oviposition inducing quality of 
larval webbing was affected by polar solvents. Rinsing larval webbing with a 
strongly polar (i.e., water) or weakly polar (i.e., 95% ethanol) solvents 
eliminated or reduced ovipositional activity. Rinsing with a nonpolar solvent 
(hexane) did not reduce ovipositional activity. This suggested that webbing 
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subjected to rainfall could possibly lose its ability to stimulate ovipositional 
activity. This concept was not experimentally tested, however. 
North (1981) and North and Hart (1983) believed that any factor present 
on larval webbing that would stimulate ovipositional activity could be both 
advantageous and deleterious. The presence of the factor would allow 
females to quickly identify locations where food density was usually high. 
Conversely, females could respond to sites with webbing that contained only 
dead or dying foliage with very little nutritive value. 
Miller (1984) studied the effects of winter temperature on the 
survivorship of the MWW. He observed that prolonged cold exposure with 
cold accumulation rates of about 15.0 per day or greater, for a period of 14-21 
days, would result in very high mortality rates of overwintering MWW 
pupae. Minimum ambient temperatures that reached or exceeded the 
MWWs supercooling point (variable with time of year) would result in 
mortality levels approaching 100%. The author reported that MWW pupae 
that overwintered on heated structures in urban environments had reduced 
mortality rates when compared with pupae in more exposed locations. Such 
highly protected locations were found to be 2.5-5.0°C warmer than ambient 
air temperatures. This temperature difference allowed those pupae on 
heated structures to survive periods of very cold weather that would have 
been fatal in more exposed locations. 
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Expanding on Miller's (1984) concept, Hart et al. (1986) reported that the 
northward spread of the MWW would probably be limited by low winter 
temperatures as opposed to lack of an available food supply. In areas north of 
central Iowa, minimum winter temperatures commonly exceed the MWW's 
ability to supercool regardless of their position in the environment, protected 
or otherwise. In areas similar to central Iowa, a small percentage of urban 
MWW pupae would survive in protected overwintering sites, even during 
severe winters. Protected overwintering sites on heated structures 
moderated the microclimate such that the supercooling point was not 
reached. In more southerly areas, winters were not severe enough to result 
in significant mortality to exposed pupae. Consequently, MWW damage was 
evident not only in urban areas, but in some native honeylocust stands as 
well. 
Hart et al. (1986) determined that honeylocust tree location was very 
important to minimize injury due to MWW feeding activity. Trees located 
near heated structures were likely to have more damage than were trees 
located farther away. This was especially true following mild winters. 
MWW larvae were observed to disperse up to 25 m from the trunk of an 
infested tree before locating a suitable overwintering site. It was 
recommended that honeylocust trees be located as far as possible from heated 
structures in areas where the MWW was a problem. 
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Thermal-Unit Development Models 
Insect development and temperature relationships have received much 
attention from entomologists because temperature has the greatest impact on 
insect development (Pradhan 1946). Réaumur (1735) was the first to be 
credited for "summing" temperatures (Pradhan 1946). The principle of heat-
unit summation assumed that a linear relationship held between 
temperature and the rate of development. This linear relationship could be 
expressed as a "thermal constant", described by Sanderson (1910) as "that 
accumulation of mean daily temperature above the 'critical point' of the 
species, which will cause it to emerge from hibernation or to transform from 
any given stage." In other words, each portion of an insect's life cycle had a 
thermal constant associated with it. Once the summation of the daily 
effective temperatures for that portion of the life cycle reached the thermal 
constant, development would be completed. Beside the basic biological 
information they provide, thermal-unit models have been used to predict 
insect phenology (Hammond et al. 1979, Obrycki and Tauber 1981). Thermal-
unit accumulations, however, only estimate the occurrence of natural 
biological events (Arnold 1960, Pruess 1983). Thermal conditions can vary 
considerably within an area represented by weather data from a given station 
(Hart et al. 1986). 
The calculation of thermal units has been accomplished by several 
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methods. Pruess (1983) and Higley et al. (1986) have reviewed these 
calculation techniques. Most commonly, the area under the temperature 
curve has been estimated as a rectangle (Arnold 1960). This method has been 
popular because it requires minimal weather data that is readily available 
from weather stations. Lindsey and Newman (1956) modified Arnold's 
technique by estimating the area under the temperature curve as a triangle 
formed between two consecutive minimum temperatures and the associated 
maximum temperature. Both the Arnold (1960) and Lindsey and Newman 
(1956) methods have been improved since their conception by including the 
developmental minimum and maximum temperatures in the calculations 
(Baskerville and Emin 1969, Sevacherian et al. 1977). 
Arnold (1960) also made reference to estimating the daily temperature 
curve as a sine wave and then using the area under the sine wave as an 
estimate of the area under the temperature curve. By using a modified form 
of this technique, Allen (1976) developed a computer model that accumulated 
thermal units continuously along the temperature curve. Higley et al. (1986) 
constructed a computer program that calculates thermal units from daily 
minimum and maximum temperatures by all three methods mentioned 
above. 
Although early researchers described insect development rates as 
linear, they noted that this was not completely true. It was apparent that 
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development rates were linear over the middle portion of the temperature 
range, but at extremely high or low temperatures, developmental rates 
deviated considerably from linearity (Sanderson 1910, Crozier 1926, Shelford 
1929). Even though such deviations were noted, linear models have been 
widely used. Over the range of field temperatures where insects are 
normally encountered, the assumption of linearity is often acceptable 
(Wagner et al. 1984a). If, however, one is concerned with veiy early or late 
seasonal periods, or with the period of very high temperatures, the error 
associated with linear models may be greater than acceptable (Stinner et al. 
1974b). 
Where more precise modeling of insect developmental rates has been 
required, a variety of models has been developed. Such models have usually 
addressed the portions of the development curve associated with 
temperatures close to the developmental minima and maxima. It is at these 
locations where insect development deviates most from linearity (Wagner et 
al. 1984a). The models used to describe these areas of the development curve 
are curvilinear (Kitching 1977). Authors have used different functions to 
model insect development over the nonlinear portions of the development 
curve. Wagner et al. (1984a) have critiqued the various methods found in the 
literature. 
The calculations used in nonlinear models are often complex, and the 
models typically utilize the capabilities of modem computers (Stinner et al. 
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1974a, 1974b, 1974c, Logan et al. 1976). The ability of computers to work with 
complex functions has allowed models to include many parameters that 
influence insect development (Wagner et al. 1984a). Higley et al. (1986) have 
pointed out, however, that the inclusion of such precise parameters is 
unwarranted if the data used for the calculation of thermal units is not 
equally precise. Indeed, concern has been expressed that in an attempt to 
attain a high level of accuracy, much of the practicality and applicability with 
regard to pest management situations has been lost (Pruess 1983). 
No thermal-unit models have been developed for the MWW. Generation 
time under field conditions have been published (Wester and St. George 1947, 
McManus 1962a). McManus (1962a) reported separate life-stage durations 
for insects held in a constant temperature (21.1®C) environmental chamber, 
but did not calculate the thermal units required for each life stage to complete 
development. Time durations for the egg stage under laboratory conditions 
have been noted by Wester and St. George (1947), Robertson (1971), and North 
(1981). 
Host-Plant Resistance 
Painter (1951) defined resistance as "the relative amount of heritable 
qualities possessed by the plant which influence the ultimate degree of 
damage done by the insect." Little work has been done with pest resistance in 
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woody landscape plants as compared with that done with agronomic systems 
(Brewer and Stevens 1983). Furthermore, breeding programs for woody 
landscape plants have traditionally been more concerned with horticultural 
characteristics than with pest resistance (Potter 1986). 
Work has shown, however, that landscape plants do differ by cultivar 
regarding pest susceptibility. The National Research Council (1980) has 
stated that the use of pest-resistant plant materials offers a practical 
management alternative to urban pest managers. Morgan et al. (1978) has 
summarized the history, prominent examples, and future role of host-plant 
resistance for outdoor ornamental plants. 
Resistance to various insects has been reported for several shade tree 
species. It has been reported that river birch, Betula nigra L., is totally 
resistant to the bronze birch borer, Agrilus anxius Gory, a serious pest of 
white barked birches in urban environments (D. G. Nielsen, Dept. of 
Entomology, OARDC, Wooster, Ohio, personal communication). Among the 
susceptible birch species, the native paper birch, Betula papyrifera Marsh., 
showed a greater level of resistance than did introduced species such as the 
monarch birch, Betula maximowicziana Regel., and the European white 
birch, Betula pendula Roth. 
Honeylocust has been reported to have differences in cultivar resistance 
to insect pests. Herms et al. (1987) reported that the honeylocust cultivar 
"Moraine' was more susceptible to the honeylocust plant bug, Diaphnocoris 
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chlorionis (Say), than were the cultivars 'Skyline' and 'Sunburst'. 
The hosts of the MWW also have been reported to vary as to 
susceptibility. The MWW was originally identified as a pest of ornamental 
Toimosa, Albizziajulibrissin (Clarke 1943). Soon afterward, however, it 
was reported infesting honeylocust (Wester and St. George 1947). They 
reported that honeylocust was subject to greater damage because it did not 
produce new foliage as fast as mimosa. They also reported that small 
honeylocust trees appeared to be more heavily attacked than did larger trees. 
McManus (1962a) attempted to rear MWW larvae on five species of 
nonhost legumes: black locust, Robinia pseudoacacia L., Kentucky coffee 
tree, Gymnocladus dioicus L., redbud, Cercis canadensis L., American 
wisteria. Wisteria frutescens (L.), and false indigo, Baptisia australis 
Brown. Of the five, only Kentucky coffee tree gave indication of serving as a 
possible host for the MWW. Larvae fed readily on this host and completed 
normal development to the adult stage. As of this writing, however, 
Kentucky coffee tree has never been reported to have been attacked by the 
MWW under natural circumstances. 
McManus (1962a) reported differences in susceptibility to MWW larval 
feeding among honeylocust clones. Observations were made on five 
cultivars: 'Imperial,' 'Moraine,' 'Shademaster,' 'Skyline,' and 'Sunburst' 
growing under field conditions. McManus identified 'Sunburst' to be the 
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most susceptible to injury. This was determined by the number of MWW 
colonies present and by the reduction in plant vigor over successive years. He 
also reported that the larval developmental rates were faster on 'Sunburst.' 
Following 'Sunburst,* 'Skyline' was listed as the next most susceptible 
cultivar. The cultivars 'Imperial,' and 'Shademaster' followed, with 
'Moraine' listed as the least susceptible. Larvae were able to maintain 
populations on artificially infested 'Moraine' trees, but usually did not 
naturally reinfest them the following generation. Although these 
observational differences between cultivars were described, the data were 
obtained from a small number of trees and no statistical design or analysis of 
results was presented. 
Even with the lack of statistical evidence supporting McManus's (1962a) 
findings, extension service and other publications have commonly 
commented about cultivar differences to MWW larval feeding (Schuder 1976, 
Zewadski 1976, Craig 1977, Dirr 1983). The comments usually refer to 
'Sunburst' as more susceptible, or 'Moraine' as more resistant. 
Peacock (1967) observed that MWW larvae preferred to feed on older 
foliage rather than new. He hypothesized that the larvae may have been 
responding to the presence of the alkaloid triacanthine. Triacanthine 
concentrations were greatest in newly produced foliage, and dropped rapidly 
as the leaf tissues matured. North and Hart (1983) presented field data that 
supported Peacock's (1967) observations, but stated that due to the phenology 
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of the MWW, ovipositing females in the field were probably exposed to more 
mature than to young foliage. 
North (1981) tested female MWW ovipositional preferences between 
cultivars with multiple choice tests, although he only worked with two 
cultivars, 'Sunburst' and 'Shademaster.' He observed that in the absence of 
larval webbing, more eggs were laid on 'Sunburst' foliage, but the differences 
were not statistically significant. Once larval webbing was present, however, 
females preferred to oviposit on the webbing, regardless of the cultivar. 
North and Hart (1983) speculated that the increased susceptibility associated 
with 'Sunburst' could be due to preference of that cultivar by ovipositing 
female moths in the absence of any larval webbing. Once any eggs present 
had hatched and the larvae begun to feed, however, females would prefer to 
oviposit at these sites regardless of cultivar. This would result in a damage 
bias toward the site of the initial infestation. 
Biological Control 
Biological control has been defined by DeBach (1964) as "The action of 
natural enemies (predators, parasitoids, pathogens, herbivores) which 
maintain another organism's density at a lower average density than would 
occur in their absence." In the past, biological control has been employed as 
a management technique primarily in association with agroecosystems 
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(including forest and orchard systems) (Flanders 1986). The use of biological 
control tactics in urban forests has received little direct attention, and many 
of the investigations under urban conditions originated from agronomic 
areas (Clausen 1978). Although biological control programs directed against 
urban pests have been few, several programs have demonstrated at least 
partial regulation of pest problems utilizing biological control tactics (DeBach 
et al. 1971, Clausen 1978, Scriven and Luck 1978, Dahlsten et al. 1986). In 
fact, it has been suggested that most arthropods in urban environments are 
maintained at low densities by indigenous natural enemies (Hagen et al. 
1971, DeBach 1974). 
The potential for biological control in urban areas has been addressed 
on several occasions (Olkowski et al. 1978, National Research Council 1980, 
Flanders 1986). These articles stress the ecological differences between 
urban and agroeconomic environments. As such, biological control methods 
developed for agriculture may require modification to be useful in urban 
environments. For example, urban programs may have to rely more on 
natural enemy conservation and augmentation strategies as opposed to the 
more conventional practices of importation or inundative release of natural 
enemies (Flanders 1986). 
McManus (1962a) briefly mentioned the parasites and predators he 
collected while studying the biology of the MWW. He reported that reduviids 
and pentatomids were the most numerous predators of the larvae, and that 
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anthocorids were numerous on MWW egg clusters during certain years. 
The only true parasitoid mentioned was a wasp species that emerged from 
overwintering MWW pupae. No description or familial designation was 
provided. 
Nine insect species have been reported in the literature as parasites of 
the MWW (Krombein et al. 1979, Miller et al. 1987). In central Iowa, only two 
of these have been reared from overwintering MWW pupae (Miller et al. 
1987). These were Elasmus albizziae Burks (Hymenoptera: Eulophidae) and 
Parania geniculata (Holmgren) (Hymenoptera: Ichneumonidae). Second 
generation parasitism over the duration of a three year study conducted by 
Miller et al. (1987) ranged from. 2.1% to 3.9%. Approximately 57% of the 
parasitism was due to E. albizziae. 
Elasmus albizziae was first collected in 1960 (Burks 1965) when it was 
found attacking the MWW in New Jersey. Burks theorized that it had been 
introduced from the Orient, as it was quite unlike any North American 
species, but resembled several Asian species in color and structure. By 1965, 
it had been collected from Ohio, Illinois, and Maryland. All available 
specimens had been reared from MWW immatures. At the time of 
description, no males were known. 
Burks again made reference to E. albizziae in a paper describing a new 
species of Elasmus that attacked Polistes wasps (Burks 1971). He presented 
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characteristics useful for distinguishing E. albizziae from the new 
Elasmus species described in the article. Burks mentioned that E. albizziae 
was parthenogenetic and that males were extremely rare. A single male 
had been recovered in 1967, but as of 1971, Burks had "seen thousands of 
females, but only nine males." Almost all of the reared series he had seen 
were exclusively female. The records of Miller et al. (1987) supported Burk's 
observations, in that only one male was recovered out of 2,907 E. albizziae 
adults reared from overwintering MWW cocoons. 
Little detailed life history data of E. albizziae has been published. 
Miller et al. (1987) reported that E. albizziae parasitized overwintering 
MWW prepupae after the larvae located suitable overwintering sites, but 
before pupation actually occurred. Parasitized MWW prepupae did not 
pupate. E. albizziae pupae were observed within the host cocoon about 21 
days following cocoon formation. Emergence from the overwintering MWW 
cocoons by E. albizziae was about 18 days before normal adult MWW 
emergence. 
Miller (1984) reported that a mean of about 10 E. albizziae adults 
emerged from each parasitized MWW cocoon. Only the MWW larval head 
capsule was found within the host cocoon following emergence of the 
parasites. He also noted that the parasitism appeared scattered, with many 
unparasitized cocoons being located adjacent to parasitized ones. 
Life histories of several Asiatic and African Elasmus species have 
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been published, including those of E. nephantidis Rohwer (Rao and Cherian 
1927), E. zehntneri Feir. (Cherian and Israel 1937), and E. hispidarum 
Ferr. (Taylor 1937). Perrière (1930) published a listing of the African and 
Asiatic species of Elasmus that presented descriptions of the morphology 
and behavior of the genus as well as individual species. 
From these descriptions, it appears that most species of Elasmus are 
primary parasites of lepidopterans, although a few are hyperparasitic. 
Females oviposit on the cocoons of prepupal larvae before the larvae have 
actually pupated. The females sting the caterpillar through the cocoon before 
depositing their eggs. The larvae feed as ectoparasites and pupate in less 
than a week, with 1-2 wk required to complete the entire life cycle. No 
rearing temperatures have been stated in the life history studies. 
Ferrière (1930) believed the genus was important because it attacked 
many destructive African and Asian species. He did report, however, that its 
practical utility may be restricted because caterpillars were only attacked as 
prepupae, because each female wasp had only a few victims, and because 
superparasitism was common. 
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PART I THE EFFECT OF TEMPERATURE ON THE DEVELOPMENTAL 
BIOLOGY OF THE MIMOSA WEBWORM 
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INTRODUCTION 
The mimosa webworm, Homadaula anisocentra Meyrick 
(Lepidoptera: Plutellidae), can be a serious pest of ornamental honeylocust 
trees in urbanized areas (Olkowski et al. 1978). Mimosa webworm (MWW) 
larvae web the honeylocust leaflets together as they feed. The windowpaned 
foliage, held on the tree by the larval webbing, then desiccates and turns 
brown, giving the tree a scorched appearance. Such injury, while not fatal to 
healthy trees, is aesthetically displeasing in an urban environment. In 
addition, as with other tree species, severe or repeated infestations 
undoubtedly serve as an additional source of stress (Houston 1973,1985). 
Honeylocust cultivars have been reported to differ in their susceptibility 
to the MWW (McManus 1962a, Schuder 1976, Dirr 1983). Planting 
recommendations have been made based on these reports, even though no 
statistical tests of honeylocust cultivar resistance have been published. To 
better understand the relationships between honeylocust cultivars and MWW 
infestations, a study was designed and executed to evaluate the effects of 
widely planted cultivars on larval, pupal, and adult MWW biology. The study 
involved rearing MWW larvae on the foliage of different honeylocust cultivars 
under laboratory conditions and measuring the effects of each cultivar on 
several important biological parameters of the insect. 
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Before such a study could be initiated, information that related 
development of immature MWW life stages with temperature was desirable. 
Without such information, rearing temperatures which would allow 
detection of potential resistance among honeylocust cultivars, but not result 
in stress upon the insects, could not be identified with certainty. Because this 
information was not available in the literature, a separate study was 
executed to obtain a model defining the general developmental parameters of 
the MWW in response to temperature. 
The objectives of this study were to determine development rates and 
survivorship of the different life stages of the MWW under a collection of 
constant temperatures. Once the development rates of the different life 
stages at different temperatures were known, they could be used to determine 
the developmental thresholds and thermal constants for each stage. Such 
information would contribute to the general information base for the MWW 
as well as provide data useful for pest management strategies. 
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MATERIALS AND METHODS 
The honeylocust seedlings used in this study were grown from seed 
obtained from the F. W. Schumacher Company, Sandwich, Massachusetts. 
The seed originated from thomless honeylocust trees located in Oregon. To 
maintain viability following arrival of the seeds at our laboratory, they were 
stored in plastic bags in a 2°C refrigerator until planted. 
Before planting, the seeds were soaked in concentrated sulfuric acid for 
1 h to scarify the seed coats (Hartman and Kester 1975). The seeds were then 
rinsed several times with tap water to remove all traces of the acid. 
Germination procedures (Bonner et al. 1974, Hartman and Kester 1975) did 
not mention any physiological dormancy requirements, therefore no 
stratification treatments were employed. 
The planting medium used was a standard horticultural mix that 
consisted of one part topsoil, one part horticultural grade perlite, and one 
part hypnum peat moss (by volume). The three ingredients were mixed 
together and placed into 39 by 31 by 14 cm (length, width, height), plastic 
dishpans which were used as germination flats. Each dishpan had 12 
evenly-spaced, 1 cm holes drilled in a three by four matrix in the bottom to 
provide drainage. The dishpans containing the soil medium were then 
steam pasteurized at ca. 80°C for 1 h. 
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Germination trials of the seed lots obtained from the F. W. Schumacher 
Company yielded germination percentages of ca. 40-45%. Because 
approximately 20 seedlings were desired in each seed flat for optimal 
seedling growth, 45 seeds were planted in each flat. The seeds were planted 
in three rows, 9 cm apart, across the length of the flat. Fifteen seeds, spaced 
about 1.5 cm apart, were planted in each row. The seeds in each row were 
covered with 2-3 cm of pasteurized soil mix. Following planting, the seed 
flats were placed under fluorescent lights set to a 16:8 (L:D) photoperiod in a 
greenhouse with a corresponding temperature range of ca. 21-30°C during 
the day and 12-19°C during the night. 
The first set of seed flats was planted on February 11, 1985. Succeeding 
sets were planted at 4-6 week intervals to provide seedlings of the same 
approximate age during the duration of the study. A total of five seed sets 
were planted. Twelve to fifteen seed flats were planted during each set. 
Seedlings in each seed set were periodically pinched to increase stem 
strength. The first pinch was performed after the third set of true leaves had 
developed. This was normally about 3 to 4 weeks after planting. Succeeding 
pinches were not made on a strict timetable because the seedlings responded 
to the first pinch at different rates. All pinches after the first were made on 
an individual seedling basis as required to keep growth in check and to 
further strengthen the stems. 
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Seed flats were watered as needed to prevent wilting of the foliage. Flats 
were watered thoroughly and the excess allowed to drain from the flats. 
Each flat was fertilized once per month with a 20-20-20 (nitrogen-
phosphorus-potassium) fertilizer (Peters® Fertilizer Products, W. R. Grace 
and Co., AUentown, PA). The water-soluble fertilizer was mixed at the rate 
of 7 g of fertilizer dissolved in each liter of water. In alternate months, a 
micronutrient fertilizer (S. T. E. M., Peters® Fertilizer Products, W. R. 
Grace and Co., Fogelsville, PA) was added to the fertilizer solution at the rate 
of 3 g per 11 liters of solution. The seedlings were also sprayed with water as 
needed for the management of spider mites. 
Five incubators (growth chambers, phytotrons) were used during this 
study. Four Percival® incubators were located at four separate sites on the 
Iowa State University campus, Ames, Iowa. The remaining incubator was 
located at the United States Department of Agriculture, Plant Introduction 
Station, Ames, Iowa. 
Five constant temperatures (treatments) were selected for inclusion in 
this study. The temperatures selected were 14,19, 24,30, and 35°C. These 
temperatures were selected because they represented temperatures that 
spanned the anticipated developmental temperatures of the MWW, and 
because they were similar to those used by other workers who have conducted 
similar experiments with other insect species (Anderson et al. 1982a, 1982b, 
Haugen and Stephen 1984). 
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The experimental design used in this study was a 5 x 5 Latin square 
(Figure 1). The five incubator locations formed the columns of the Latin 
square, and five replications over time formed the rows. The five 
temperatures selected were assigned to the treatment (column-row 
intersections) portions of the square. Randomizations were made by first 
designing the Latin square and then randomly assigning incubator number, 
replication number, and temperature to the columns, rows, and treatment 
portions of the square, respectively. As each treatment combination in each 
incubator was completed, the incubator was recalibrated to the next 
temperature assigned to that incubator for the following replication. 
Experiments conducted in incubators are frequently deficient with 
respect to one or more aspects of experimental design (Lee and Rawlings, 
1982). In this study, the entire treatment combination within each incubator 
served as a single experimental unit. The only manner in which to have true 
replications for each experimental temperature was to repeat runs over time. 
Through the use of a Latin square design, each incubator had one replication 
with each temperature used in the study. In this way, the total experimental 
error could be estimated adequately over five replications and any error 
associated with difierences among replications or the incubators used in the 
study could be removed. 
Incubators were temperature-calibrated by using thermographs 
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Figure 1. Diagram illustrating the 5x5 Latin square design used for the 
MWW-temperature response study. Replication and incubator 
location comprised the rows and columns of the square, and 
temperatures formed the treatments (row x column intersections) 
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calibrated by the Research Technical Assistance Group at Iowa State 
University. Each chamber was checked over a 48 h period following 
recalibration to ensure that the incubator was maintaining the desired 
temperature. After the initial calibration, the temperature in each incubator 
was monitored on a daily basis with high/low thermometers. Throughout 
the duration of the study, the incubators maintained temperatures within ± 
2°C of their designated settings. 
Individual rearing boxes (Figure 2) were constructed identical to the 
design used by Weatherby (1982). Hinged, plastic snapboxes measuring 9.4 x 
6.8 X 2.0 cm (length, width, depth) were drilled with a single 1.5 cm hole in 
the bottom large enough to accept a florists* Aquapic®. The Aquapics were 
filled with tap water, capped, seedling honeylocust foliage placed into the 
Aquapics, and the foliage-Aquapic combination placed into the snapbox 
which was then closed. The completed rearing boxes were then positioned on 
wood and metal racks (Figure 3) which held the rearing boxes upright. Each 
rearing box was labeled with an identification number from 1-20 
corresponding to its location in the holding rack. Twenty rearing boxes were 
assembled for each treatment combination. As there were five treatment 
combinations per replication, each replication involved 100 rearing boxes. 
Over the entire duration of the study (five replications), 500 rearing boxes 
were assembled. 
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Mature foliage was collected from the seedlings by removing once-
pinnately compound leaves (petiole plus rachis plus leaflets) that were fully 
expanded and dark green. Such leaves were at least 2 wk old. Age was 
determined by placing small, dated tags around the stems of selected 
seedlings in each flat as new leaves were forming. This allowed the dating of 
all leaves proximal to the tag as older than the date on the tag. Only leaves 
which were at least 2 weeks old were used because observations had 
indicated that MWW larvae prefer older foliage to new (Peacock 1967, North 
and Hart 1983). Leaves were removed from the seedlings in the greenhouse 
with a razor blade, placed into plastic bags which were then sealed, and 
taken to the laboratory for placement into the rearing boxes. All leaves taken 
for each treatment combination (replication-chamber-temperature) were of 
approximately the same physiological age, based on the location of the dated 
tags. 
Before placement into the Aquapics, the leaf petioles were reçut at a 45° 
angle with a razor blade. A petiole length of 2-3 cm was desired. If this 
petiole length was not present on a leaf after recutting, the most proximal ' 
leaflets on the rachis were removed with a razor blade to obtain the desired 
length. Two honeylocust leaves were inserted into each Aquapic. If the 
leaves were longer than would fit comfortably within the snapbox without 
excessive bending, the distal portion of the leaves were trimmed with a razor 
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Figure 2. Rearing boxes used for developmental 
taken from Weatherby [1982]) developmental rearing studies (Drawing 
Figure 3. Holding rack used for developmental rearing studies (Drawing 
taken from Weatherby [1982]) 
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blade to fit. The rachi of the two leaves were wound around each other twice 
to hold them together. This provided more overlapping leaf area for the 
newly emerged MWW larvae to find shelter and begin to web. 
The MWW eggs used to begin each treatment combination were 
produced by adults obtained from a MWW colony maintained in an Iowa 
State University, Department of Entomology, greenhouse. The sex of the 
pupae obtained from this colony was determined by using the technique of 
Miller and Triplehom (1979). Following adult emergence, one female and 
two males were placed into a rearing box identical to those previously 
described. The seedling honeylocust foliage inside the rearing box had been 
provided with a third, fourth, or fifth instar MWW laiva at least 4 h before the 
introduction of the adult moths. The presence of the webbing produced by the 
MWW larvae was highly stimulatory to oviposition. Adult moths placed in 
this situation would typically mate within 24 hours. Females began to 
oviposit 24-48 h after introduction into the rearing box. 
Oviposition was manipulated and eggs were collected so that eggs were 
not older than 12 h when placed in their assigned treatment combinations. 
MWW eggs are a creamy-yellow color upon oviposition, with fertile eggs 
turning pink within 24-28 hours at 21°C as embryonic development 
progresses (McManus 1962a). The fireshly oviposited eggs, together with a 
small amount of larval webbing, were removed with a jewelers' forceps and 
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placed on a clean sheet of filter paper in a petri dish. To prevent the selection 
of nonfertile eggs in those slated for use in the treatment combinations, the 
fi*eshly oviposited eggs were first placed in the incubators until they began to 
turn pink, which indicated fertility. 
For all treatment combinations, after a number of fertile eggs in excess 
of the number known to be required at that time had been collected, the eggs 
were divided into lots. Twenty-five eggs were included in each lot, one egg for 
each of the 20 rearing boxes used for each treatment combination, leaving 
five eggs to be held in reserve for replacement of any that might be damaged 
during transfer. Each egg lot was then randomly assigned to a treatment 
combination. 
A single MWW egg, with a small amount of webbing attached, was 
placed on the rachis of one of the two leaves in each rearing box. The 
webbing was included because it was slightly sticky and prevented the egg 
from dropping off the foliage when the rearing boxes were set upright. After 
placing the egg on the foliage, the rearing box was closed and placed upright 
in the holding rack. This procedure was repeated for each of the 20 rearing 
boxes in each treatment combination. 
After an egg had been placed into each of the 20 rearing boxes of a 
treatment combination, the rack holding the rearing boxes was placed into 
the incubator assigned to the corresponding treatment combination. The 
43 
rack was placed midway between the top and bottom of the incubator with the 
rearing boxes faced to the front. 
Each rearing box was inspected daily. Each rack containing the 20 
rearing boxes from a given treatment combination was removed from the 
incubator and carried to a laboratory bench. Each rearing box was opened 
and the immature life stage present inspected under a StereoZoom® 4, 
Bausch & Lomb dissecting microscope to ascertain if it had progressed to the 
next instar or life stage. The dates of egg hatch, molting, cocoon formation, 
pupation, and pupal eclosion were recorded. After all rearing boxes of a 
treatment combination had been checked, the holding rack was returned to 
the incubator. Each holding rack was rotated 90 degrees clockwise each day. 
This was to minimize the effect of any temperature gradient from the front to 
back of each incubator. 
If a larva had molted to the succeeding instar, a search of the rearing 
box was conducted to locate the shed head capsule. When the head capsule 
was located, it was removed with a jewelers' forceps and placed into a #1 
gelatin capsule into which a small amount of cotton floss had previously been 
inserted. Each gelatin capsule was labeled with the corresponding rearing 
box number and larval instar number from which the head capsule 
originated. 
Each labeled gelatin capsule was then placed in a holding rack that 
consisted of two, 36 cm square sheets of 10 mm thick masonite, glued 
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together one atop the other. The upper sheet had 210, 7 mm holes drilled 
through it that allowed a friction fît between the gelatin capsules and the 
masonite. One holding rack was used for the capsules of each treatment 
combination. 
Following completion of the entire study, each gelatin capsule was 
opened and the diameter of the head capsule within it measured. The head 
capsules were held in place by the cotton floss inside the gelatin capsules. 
The gelatin capsule was mounted on a styrofoam block that rested on the 
stage of a model M5, Wild® dissecting microscope. The head capsule 
diameters were measured by using an ocular micrometer that had been 
calibrated with a stage micrometer manufactured by the American Optical 
Company. Diameters were measured across the widest distance of the head 
capsule. 
Final (fifth or sixth) instar head capsules could not be measured as just 
described. During the molt from the larval to the pupal stage, the final instar 
head capsule would split along the ecdysial suture located on the vertex and 
frons. This splitting distorted the shape of the head capsule, which would 
have resulted in diameter measurements that were greater than the true 
diameter of the head capsule. This was not a problem with first through 
fourth instar head capsules, because no splitting along the ecdysial sutures 
occurred. Accurate measurements of final instar head capsule diameters 
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were obtained by measuring the distance across the head capsule of the final 
instar caterpillars before the molt to the pupal stage occurred. This was 
accomplished by manipulating the rearing box under the dissecting 
microscope so that the head capsule diameter could be measured with the 
ocular micrometer. 
The mature MWW larvae spun cocoons and attached them either to the 
honeylocust foliage, the sides and comers of the rearing boxes or, most 
commonly, to a combination of both. The date of actual pupation was 
determined by visually inspecting the individual cocoons, and noting the 
presence or absence of the shed larval exuvium that was easily visible at one 
end of the cocoon. 
Following pupation, ca. 48 h were allowed to pass before removing the 
pupa from its cocoon. This was necessazy to allow the pupal cuticle to 
sclerotize, minimizing damage upon removal from the cocoon. After 
removal from its cocoon, each pupa was placed into a 30 ml plastic creamer 
cup and labeled with its rearing box identification number. The plastic lids 
from the cups had six small holes punched in them for air exchange. After 
sex had been determined (Miller and Triplehom 1979), the pupae were 
weighed on a Model AE 100, Mettiez® balance to the nearest 0.1 mg. The 
creamer cups were then returned to the incubator and the pupae within 
them allowed to complete pupal development. 
After adult emergence, female moths were paired with two males 
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obtained from the greenhouse colony. The technique used was identical to 
that described earlier for the procurement of eggs for the treatment 
combinations. The females were allowed a time period of 10 d to oviposit. 
After 10 d, the mating boxes were opened and the number of eggs oviposited 
by each female were counted and recorded. 
Some eggs usually had eclosed before the end of the 10 d period. MWW 
larvae had never been observed to consume the egg chorion following 
emergence, so the number of empty egg chorions were simply added to the 
number of eggs which had yet to emerge. 
After the number of oviposited eggs had been counted, the abdomen was 
removed from the female and dissected in alcohol under a dissecting 
microscope. The number of eggs still remaining in the female's abdomen 
were counted and the number recorded. 
The data were analyzed with routines from the Statistical Analysis 
System (SAS Institute 1985a, b). PROC T-TEST was used to analyze for 
differences between male and female populations. PROG GLM was used for 
the analysis of variance procedures. When the analysis of variance indicated 
a significant difference (P < 0.05) between temperatures for a given variable, 
the TUKEY option was used with PROC GLM as the mean separation 
procedure. 
Computer programs developed by Wagner et al. (1984a, b) were used to 
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fit developmental fi-equençy distributions and nonlinear rate functions to the 
data obtained from the experimental procedures. The programs were 
written in the language of the Statistical Analysis System (SAS Institute 
1985a, b). 
Standardized cumulative frequency distributions were constructed for 
each life stage, as well as each larval instar studied, using a three-
parameter, cumulative Weibull function as described by Wagner et al. 
(1984b). The Weibull function has the form: 
F(a:) = 1 - exp(-[(x - X)/n]^) (1) 
where F(x)  is the probability of complete development at normalized time x ,  
and eta (T]), beta (P), and gamma (X,), are the parameters to be estimated. 
Median development times, as provided by the Wagner et al. (1984b) 
program, for each larval stadium or life stage at each of the temperatures 
were entered into the Wagner et al. (1984a) program. This program utilizes 
the Sharpe and DeMichele (1977) biophysical development rate model to 
generate a curve that describes temperature-dependent development. This 
model was modified by Schoolfield et al. (1981) to be more compatible with 
nonlinear regression parameter estimation techniques. The modified model 
has the form: 
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r(T) = 
RH025 
(2) 
where r(T) is the median development rate at Kelvin temperature T (°K), R is 
the universal gas constant (1.987 cal deg"^ mole"^), RH025 is the 
developmental rate at 25°C (298.15®K) assuming no enzyme inactivation, HA 
is the enthalpy of activation of the reaction catalyzed by a rate-controlling 
enzyme, TL is the Kelvin temperature at which the rate-controlling enzyme 
is half active and half low-temperature inactive, HL is the change in 
enthalpy associated with low-temperature inactivation of the enzyme, TH is 
the Kelvin temperature at which the rate-controlling enzyme is half active 
and half high-temperature inactive, and HH is the change in enthalpy 
associated with high-temperature inactivation of the enzyme (Wagner et al. 
1988). 
The parameters RH025, HA, TL, HL, TH, and HH are estimated by the 
program and employed if their inclusion improves the fit of the model. 
RH025 and HA dominate the model at intermediate temperatures, while TL 
and HL dominate at low temperatures and TH and HH dominate high 
temperatures. Inclusion or removal of specific parameter pairs are used to 
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determine the best-fitting model over the entire temperature range of the 
data. Thus, four different models are possible through inclusion or deletion 
of the three parameter pairs. If all six parameters are used together as in 
equation 2, the model describes a development curve with both high and low 
temperature inhibition. If only the parameters of the first exponential 
portion of the denominator of equation 2 are needed to fît the data adequately, 
a developmental curve that describes only low-temperature inhibition is 
presented. Similarly, if only the parameters of the second exponential 
portion of the denominator are needed, a developmental curve that describes 
only high temperature inhibition was portrayed. Finally, if neither 
exponential portion of the denominator was needed, the model fits a linear 
regression equation to the data, where neither high nor low-temperature 
inhibition is present. 
The Wagner et al. (1984a) algorithm can be used to calculate maximum 
developmental thresholds (T^^g^) when possible, but is not satisfactory for 
calculation of minimum developmental thresholds because of certain 
mathematical characteristics of equation 2. 
Minimum developmental thresholds were calculated by simple linear 
regression (Arnold 1959, Park 1988) from the same data sets as used for the 
Wagner et al. (1984a, 1984b) models. The parameters (minimum 
thermal threshold in °C) and K (thermal constant in degree-days [DD]) were 
derived from the regression equation as follows: 
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J' = a + h* 
K=]/b 
where y is the daily development rate (1/median development time in days) 
at temperature x (®C), and a and b are estimates of the :y-intercept and 
slope, respectively. 
Development times in degree-days (DD) were estimated by two methods 
(Jackson and Elliott, 1988). The first method (DD^) involved the traditional 
approach, mentioned above, through the calculation of K. The second 
method (DD2) employed the equation: 
DD2 = T(x-T^i„) 
where T is the median number of days to complete development at a constant 
temperature x, and T^jj^ is the minimum thermal threshold. A common 
estimate of T^j„ was used for all estimates of DD2, which was the T^^j^ value 
estimated for the development of the entire life cycle (egg to adult eclosion). 
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RESULTS AND DISCUSSION 
During the study, two different developmental modes were observed 
(Table 1). The most recurrent was the 5-instar developmental mode (Mode 
V), which has been the only developmental mode described in the literature 
for the MWW (McManus 1962a). In addition to the 5-instar mode, a 6-instar 
developmental mode (Mode VI) was also observed. The proportion of 
individuals that passed through Mode VI (Figure 4) was highly dependent on 
the rearing temperature (%^ = 65.4; df = 4; P < 0.05). At 14°C, all the larvae 
that successfully pupated developed under Mode V. At 19, 24, and 30®C, less 
that 2% of the larvae developed under Mode VI. At 35®C, however, a greater 
percentage of the larvae developed through Mode VI, although ca. 63% still 
developed under Mode V. 
The number of instars can be determined by external conditions or 
heredity. The stress caused by development under high temperature 
regimes previously has been associated with the development of 
supernumerary instars in certain insects (Ludwig 1956, Wigglesworth 1972, 
Weatherby 1982, Weatherby and Hart 1986). Because the vast majority of 
larvae that exhibited mode VI development matured at 35°C, it would appear 
logical to assume that high temperature stress on the insect was most likely 
responsible. 
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Table 1. Frequency and mean development times of laboratory reared MWW 
larvae developing under five or six instar modes 
Temp 
(°C) Mode® nb 
Mean development 
time(d±SEM)C 
14 V 31 72.9 ±1.23 
VI 0 — 
39 V 58 34.3 ±0.61 
VI 2 46.5 ±1.00 
24 V 75 19.6 ±0.30 
VI 1 35.0 ± — 
30 V 84 12.9 ±0.15 
VI 2 21.0 ±5.50 
35 V 22 13.0 ±0.31 
VI 13 17.3 ±0.34 
= five instar developmental mode; VI = six instar developmental 
mode. 
^Number of individuals that completed larval development in each 
mode. 
^Time required from eclosion to pupation. 
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Figure 4. Proportion of individuals passing through Modes V and VI under 
each constant temperature 
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Development under Mode VI increased the duration of the larval life 
stage in all cases. Data representing larval developmental times under each 
mode and each temperature included in the study are presented in Table 1. 
Statistical comparisons of development time and larval head capsule 
diameters between the two developmental modes at 19, 24, and 30°C were not 
undertaken because of the disproportionate class sizes. 
At 35°C, where the class sizes were similar, larval development time 
under Mode VI was significantly longer than under Mode V (t = -8.8; df = 33; 
P < 0.05). To simplify fiirther comparisons between MWW developmental 
parameters obtained under the different temperatures used in this study, 
values for Mode V and Mode VI for each temperature were combined and 
averaged together. Developmental times for instars 1—4 within each 
treatment combination for the two modes could be combined directly. 
Developmental times for the fifth instar could not be directly combined, 
because the fifth instar was the terminal larval instar for Mode V, but not for 
Mode VI. In Mode VI, the fifth stadium was disproportionately shorter than 
in Mode V. To minimize this problem, an arbitrary "final" instar was 
created. For Mode V, this final instar simply substituted for the normal fifth 
instar. For Mode VI, the final instar consisted of the developmental times of 
the fifth and sixth instars added together. In this manner, the fifth and sixth 
instar development times of Mode VI could be directly combined with the fifth 
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instar times of Mode V. 
With regard to larval instar head capsule diameters, no statistical 
comparisons were made between the two modes at 19, 24, or 30°C because of 
disproportionate class sizes. At 35°C, no statistical differences could be 
identified between head capsule diameters for larval instars 1-4 from each 
mode (instar 1: t = 1.0, df = 66, P ^ 0.05, t-test; instar 2: t = -0.1, df = 64, P ^ 
0.05, t-test; instar 3: t = 1.6, df = 58, P ^ 0.05, t-test; instar 4: t = 1.3, df = 43, P > 
0.05, t-test) When the terminal larval instars from each mode were 
compared (instar 5 from Mode V larvae; instar 6 from Mode VI larvae), no 
significant differences were detected (t = 0.00; df = 33; P ^ 0.05) Fifth instar 
head capsules from Mode VI larvae were not comparable to any Mode V 
larval instar, therefore no statistical comparisons that involved this instar 
were made. As with the development times between the two modes, the data 
for larval head capsule diameters were pooled together. Instars 1-4 were 
pooled directly, and the "final" instar head capsule diameters involved 
pooling instar 5 head capsules from Mode V with instar 6 head capsules 
from Mode VI. 
I believe pooling these data was the most appropriate course of action 
because I wished to compare the experimental populations as a whole, 
rather than broken down into their separate components. If the two 
developmental modes coexist together in the field, for predictive purposes it 
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would be necessary to model their development as a population together, or 
as components of a single population, rather than as separate populations 
(Anderson et al. 1988). 
Over all temperatures investigated, a sex ratio of 45.7% female and 
54.3% male was obtained (Figure 5). The sex ratios within each temperature 
did not differ significantly (%^ = 1.9; df = 4; P 2:0.05). The differences in life 
stage and larval instar development times between male and female 
individuals within each combined experimental temperature studied are 
presented in Tables 2 and 3, respectively. 
In general, larval instar development times were shorter for males 
than for females (Table 3). The differences were usually not significantly 
different at the 5% probability level, however, except for the fourth instar. For 
this instar, t-tests indicated that male developmental times were 
significantly shorter than female times at 19, 24, and 30®C at the 5% 
probability level, but not at the 1% probability level. 
Mean development times for each sex for all life stages under each 
temperature regime are presented in Table 2. For the egg stage, no 
significant differences were evident between development times for eggs that 
would ultimately produce male and female larvae. 
For the larval stage, significant differences in development time were 
evident only at 24®C. Mean development time was significantly shorter for 
male larvae than for female larvae, which agreed with the overall trend 
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Figure 5. Percentage of male and female individuals developing under each 
constant temperature and under all temperatures 
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Table 2. Differences between male and female MWW immature life stages 
with respect to mean developmental time at different temperatures 
life Temp Mean development Prob. of 
stage CO Sex n« time (days ± SEM) >  1  1 1 ^  
Egg 14 f 16 21.3 ±0.37 
m 14 22.4 ±0.49 0.09 
19 f 27 10.5 ±0.23 
m 30 10.9 ±0.21 0.21 
24 f 29 5.5 ±0.17 
m 44 5.5 ±0.11 0.91 
30 f 39 3.5 ±0.11 
m 45 3.7 ±0.14 0.19 
35 f 15 3.1 ±0.19 
m 17 3.3 ±0.16 0.51 
Larva^ 14 f 16 72.3 ±1.79 
m 14 68.4 ±1.70 0.13 
19 f 27 33.2 ±0.95 
m 30 31.4 ±0.87 0.07 
24 f 29 18.8 ±0.67 
m 44 17.1 ±0.40 0.03* 
30 f 39 11.1 ±0.20 
m 45 11.1 ±0.38 0.94 
35 f 15 12.7 ±0.60 
m 17 12.7 ±0.62 0.98 
^Number of individuals that completed specified life stage. 
^Probability of greater I 11 for Hg: male and female means are equal; *, 
significant at 0.05 level; t test. 
^Development time for fifth larval stadium for mode V larvae; 
development times for fifth + sixth larval stadia for mode VI larvae. 
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Table 2 (continued) 
Life Temp. Mean development Prob. of 
stage (°C) Sex n time (d ± SEM) > 111 
Pupa 14 f 
m 
— — 
19 f 
m 
25 
27 
22.1 ±0.31 
22.0 ±0.42 0.96 
24 f 
m 
29 
42 
11.5 ±0.19 
12.2 ±0.24 0.03* 
30 f 
m 
37 
39 
6.6 ±0.19 
6.9 ±0.12 0.12 
35 f 
m 
13 
11 
7.3 ±0.19 
6.8 ±0.33 0.08 
Life 
Cycle^ 14 f 
m 
— — 
19 f 
m 
25 
27 
68.2 ±0.99 
69.1 ±1.01 0.50 
24 f 
m 
29 
42 
38.8 ±0.70 
37.7 ±0.58 0.25 
30 f 
m 
37 
39 
23.9 ±0.26 
24.8 ±0.51 0.12 
35 f 
m 
13 
11 
26.4 ±0.80 
26.3 ±0.85 0.93 
^Development time for fifth larval stadium for mode V larvae; 
development times for fifth + sixth larval stadia for mode VI larvae. 
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Table 3. Differences between male and female MWW larval instars with 
respect to mean developmental time at different temperatures 
Larval Temp Mean development Prob. of 
instar (®C) Sex n« time (d ± SEM) >  1  t l ^  
First 14 f 16 12.9 ±0.47 
m 14 11.9 ±0.51 0.15 
19 f 27 6.4 ±0.38 
m 30 6.4 ±0.32 0.91 
24 f 29 3.1 ±0.10 
m 44 2.9 ±0.09 0.07 
30 f 39 1.9 ±0.09 
m 45 1.8 ±0.08 0.56 
35 f 15 2.0 ±0.13 
m 17 2.0 ±0.15 0.76 
Second 14 f 16 11.4 ±0.40 
m 14 11.1 ±0.55 0.59 
19 f 27 5.1 ±0.23 
m 30 5.6 ±0.31 0.24 
24 f 29 2.9 ±0.14 
m 44 2.6 ±0.09 0.10 
30 f 39 1.4 ±0.09 
m 45 1.5 ±0.08 0.68 
35 f 15 1.4 ±0.18 
m 17 1.6 ±0.12 0.39 
^Number of larvae that completed specified instar. 
^Probability of greater I t I for Hg: male and female means are equal; *, 
significant at 0.05 level; t test. 
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Table 3 (continued) 
Larval 
instar 
Temp 
CO Sex n 
Mean development 
time (d ± SEM) 
Prob. of 
> 1 11 
Third 14 f 16 11.5 ±0.56 
m 14 10.9 ±0.57 0.48 
19 f 27 5.2 ±0.22 
m 30 5.4 ±0.22 0.45 
24 f 29 2.4 ±0.11 
m 44 2.4 ±0.11 0.79 
30 f 39 1.6 ±0.57 
m 45 1.6 ±0.38 0.87 
35 f 15 1.8 ±0.27 
m 17 1.4 ±0.19 0.24 
Fourth 14 f 16 12.4 ±0.31 
m 14 11.2 ±0.44 0.03* 
19 f 27 5.6 ±0.27 
m 30 4.8 ±0.20 0.02* 
24 f 29 3.2 ±0.15 
m 44 2.7 ±0.11 0.02* 
30 f 39 1.9 ±0.08 
m 45 2.0 ±0.02 0.36 
35 f 15 2.2 ±0.18 
m 17 2.0 ±0.24 0.52 
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Table 3 (continued) 
Larval Temp Mean development Prob. of 
instar (®C) Sex n time (d ± SEM) > 111 
14 f 16 23.9 ±0.70 
m 14 23.2 ±0.88 0.52 
19 f 27 10.9 ±0.41 
m 30 10.1 ±0.24 0.11 
24 f 29 7.2 ±0.42 
m 44 6.5 ±0.22 0.17 
30 f 39 4.3 ±0.14 
m 45 4.2 ±0.29 0.86 
35 f 15 5.3 ±0.60 
m 17 5.6 ±0.47 0.67 
^Development time for fifth larval instar for mode V larvae; 
development times for fifth + sixth larval instars for mode VI larvae. 
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among the remaining temperatures for male development times to be equal 
to, or slightly less than those for the female larvae. 
For the pupal life stage and the complete life cycle, no development 
times were obtained at 14°C (Table 2). No adults emerged from any of the 
pupae held at this temperature. The pupae were held at 14°C until they 
eventually desiccated inside the creamer cups. This occurred 3-4 months 
after pupation in all cases. No attempts were made to elevate the 
temperature to ascertain if the pupae would have emerged at higher 
temperature. Without development times for the pupal life stage, a mean 
development time for the complete life cycle at 14°C could not be calculated. 
At 24®C, pupal development times for the male pupae were significantly 
longer than for female pupae at the 5% probability level. This was the only 
temperature where male and female development times were significantly 
different. 
At the temperatures where mean development times for the complete 
life cycle could be determined, no significant differences between male and 
female individuals were obtained (Table 2). The significant differences 
present between the sexes within the component life stages were not great 
enough to be carried through to the complete cycles. 
Because significant differences in mean development times between the 
sexes for the complete life cycles were not evident, and the significant 
differences apparent among the component life stages were few and did not 
appear to be of a consistent nature among or between the temperatures 
studied, the data for the two sexes were combined for the subsequent 
analyses. 
Differences in head capsule diameters between male and female larvae 
for each larval instar and temperature are presented in Table 4. As with 
developmental time, an arbitrary "final" instar was used to combine the data 
from Modes V and VI. Female head capsule diameters tended to be equal to 
or larger than males, although the differences were great enough to be 
significant only for "final" instar larvae reared at 24®C. Because significant 
differences between the sexes occurred in only one instar-temperature 
combination, the head capsule data for the two sexes were combined for 
purposes of fiirther analysis. 
Pupal weights for each sex obtained from larvae reared at each 
temperature are presented in Table 5. Female pupae were slightly heavier at 
all temperatures except 14°C, where the reverse was true. The differences, 
however, were not large enough to be declared significantly different at the 
5% probability level. Because no significant differences were detected, the 
data for male and female pupal weights were combined for purposes of 
further analysis. 
Mean egg development time decreased firom 21.6 d. at 14°C to 3.1 d at 
Table 4. Recovered mean head capsule diameters of male and female MWW 
larvae reared at different temperatures 
Larval Temp Mean head capsule Prob of 
instar rc) Sex nO diameter (p.m ± SEM) > l t l &  
First 14 f 16 215 ±4.6 
m 12 217 ±4.6 0.89 
19 f 26 221 ±3.1 
m 28 218 ±2.2 0.34 
24 f 27 218 ±1.9 
m 40 218 ±1.9 0.84 
30 f 35 221 ±2.2 
m 39 221 ±2.8 0.98 
35 f 12 221 ±3.9 
m 17 221 ±2.6 0.88 
Second 14 f 15 316 ±5.4 
m 13 316 ±4.8 0.90 
19 f 24 322 ±4.2 
m 26 319 ±3.3 0.45 
24 f 28 323 ±3.7 
m . 44 320 ±2.6 0.41 
30 f 35 320 ±3.9 
m 39 319 ±3.4 0.71 
f 15 314 ±3.9 
35 m 16 313 ±3.9 0.96 
®Number of head capsules recovered. 
^Probability of greater I t I for HQ: male and female means are equal; *, 
significant at 0.05 level; t test. 
Table 4 (continued) 
Larval 
instar 
Temp 
ec) Sex n 
Mean head capsule 
diameter (|im ± SEM) 
Prob of 
> 1 11 
Third 14 f 16 450 ±5.0 
m 14 441 ±10.7 0.47 
19 f 26 465 ±6.5 
m 28 461 ±4.8 0.63 
24 f 25 460 ±7.8 
m 40 460 ±4.6 0.97 
30 f 38 460 ±3.9 
m 41 454 ±4.8 0.37 
35 f 14 436 ±5.7 
m 17 419 ±7.1 0.08 
Fourth 14 f 16 622 ±14.4 
m 14 610 ±13.0 0.52 
19 f 27 650 ±8.5 
m 30 650 ±7.6 0.50 
24 f 29 644 ±4.5 
m 44 641 ±5.6 0.72 
30 f 37 644 ±5.4 
m 44 633 ±5.7 0.22 
35 f 14 579 ±10.5 
m 17 561 ±11.4 0.28 
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Table 4 (continued) 
Larval Temp Mean head capsule Prob of 
instar CC) Sex n diameter (p.m ± SEM) > 1 11 
Finale 14 f 16 837 ±7.7 
m 14 834 ±8.4 0.72 
19 f 26 871 ±4.6 
m 30 873 ±4.6 0.96 
24 f 29 904 ±3.7 
m 44 893 ±3.1 0.03* 
30 f 39 888 ±5.6 
m 44 895 ±3.3 0.25 
35 f 15 842 ±8.0 
m 17 844 ±5.0 0.83 
First-Final 14 f 15 2432 ±21.7 
Total m 12 2411 ±26.3 0.54 
19 f 22 2528 ±18.6 
m 23 2512 ±15.0 0.51 
2i f 23 2557 ±10.1 
m 36 2529 ±8.0 0.07 
30 f 29 2548 ±12.7 
m 29 2523 ±16.4 0.25 
35 f 10 2385 ±16.4 
m 16 2368 ±19.8 0.55 
^Diameter of fifth instar head capsule for mode V larvae; diameter of 
sixth instar head capsule for mode VI larvae. 
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Table 5, Mean pupal weights of male and female MWW pupae reared at five 
different constant temperatures 
Temp Mean pupal Prob. of 
CO Sex nO weight (mg ± SEM) >  l t | 6  
14 f 16 7.71 ±0.21 
m 14 7.77 ±0.28 0.87 
19 f 27 8.64 ±0.38 
m 30 8.26 ±0.29 0.43 
24 f 29 10.01 ±0.32 
m 44 9.78 ±0.28 0.59 
30 f 39 9.53 ±0.29 
m 45 8.73 ±0.33 0.08 
35 f 15 7.45 ±0.21 
m 17 6.78 ±0.26 0.06 
^Number of successful pupations. 
^Probability of greater I 11 for Hg: male and female means are equal; *, 
significant at 0.05 level; t test. 
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35°C (Table 6). At 24°C, a mean value of 5.5 d was observed. McManus 
(1962a) obtained a mean incubation period of 5.5 d at 21.1°C in the laboratory, 
with a range of 4.5-6.2 d. North (1981) reported a mean incubation time of 5.6 
± 0.5 d under a 16:8 and 26.7:15.7°C (L:D) rearing regime. These studies 
closely approximate the data obtained here. Wester and St. George (1947) and 
Robertson (1971) reported 2-3 d incubation periods in the laboratory, although 
no rearing temperatures were documented. 
Mean development times for the entire larval life stage are presented in 
Table 6. The larval stage was considered that period of time between eclosion 
from the egg and the completion of pupation. Development time decreased 
from 70.4 d at 14°C to a minimum of 11.1 d at 30®C. At 35°C, developmental 
time increased slightly to 12.6 d. 
McManus (1962a) reported an average larval development period of 25.6 
d, again with no rearing temperature designated. As with the development 
times for the individual larval instars, McManus's value for total time of 
larval development was longer than the value obtained in this study at 24°C, 
and shorter than the value obtained at 30°C. 
Mean development times for each larval instar under each rearing 
temperature are presented in Table 7. Mean development time decreased 
from 14 to 30®C for all larval instars, and then increased slightly for instars 
1, 4, and the "final" instar at 35°C. For the second larval instar, the mean 
Table 6. Effect of constant temperatures on survivorship and mean and median development times 
(days) of MWW eggs, larvae, pupae, and the entire life cycle 
Life Temp Initial no. No. surviving to % Mean development Median Median 
stage (°C) individuals next stage survivorship time (d ± SEM) time (d) rate(l/d) 
Egg 14 100 94 94.0 21.6 ±0.19 21.4 0.0468 
19 100 98 98.0 10.8 ±0.12 10.7 0.0933 
24 100 100 100.0 5.5 ±0.08 5.5 0.1815 
30 100 99 99.0 3.6 ±0.06 3.5 0.2839 
35 100 89 89.0 3.1 ±0.07 3.1 0.3213 
Larva 14 94 31 32.9 70.4 ±1.23 71.5 0.0140 
19 96 58 59.2 32.8 ±0.61 32.4 0.0308 
24 100 76 76.0 17.8 ±0.36 17.3 0.0578 
30 99 86 86.9 11.1 ±0.22 11.0 0.0909 
35 89 35 39.3 12.6 ±0.42 12.5 0.0800 
Pupa 14 31 0 0.0 __ 
19 58 52 89.7 22.1 ±0.26 22.0 0.0455 
24 76 71 93.4 11.9 ±0.16 11.7 0.0857 
30 86 76 88.4 6.7 ±0.11 6.7 0.1497 
35 35 24 68.6 7.0 ±0.19 6.9 0.1447 
Life 
cycle 14 100 0 0.0 — — 
19 100 52 52.0 65.7 ±0.70 65.3 0.0153 
24 100 71 71.0 35.1 ±0.45 34.8 0.0287 
30 100 76 76.0 21.4 ±0.30 20.9 0.0478 
35 100 24 24.0 23.4 ±0.57 22.8 0.0439 
Table 7. Effect of constant temperatures on survivorship and mean and median development times 
(days) of individual MWW larval instars 
Larval Temp Initial no. No. surviving to % Mean development Median Median 
instar (°(3) individuals next stage survivorship time (d ± SEM) time (d) rate(l/d) 
First 14 94 66 70.2 13.4 ±0.30 13.3 0.0753 
19 96 91 92.9 6.3 ±0.18 6.0 0.1672 
24 100 96 96.0 3.0 ±0.07 2.9 0.3468 
30 99 9i 94.9 1.8 ±0.06 1.7 0.5769 
35 89 74 83.1 2.1 ±0.08 2.0 0.5000 
Second 14 66 58 87.9 11.3 ±0.25 11.3 0.0882 
19 91 81 89.0 5.5 ±0.18 5.2 0.1914 
24 96 94 97.9 2.7 ±0.07 2.7 0.3733 
30 94 93 98.9 1.5 ±0.06 1.5 0.6761 
35 74 67 90.5 1.5 ±0.07 1.5 0.6763 
Third 14 58 52 89.7 11.2 ±0.29 11.1 0.0897 
19 81 69 85.2 5.3 ±0.14 5.2 0.1910 
24 94 87 92.6 2.5 ±0.07 2.5 0.4033 
30 93 92 98.9 1.6 ±0.05 1.6 0.6396 
35 67 61 91.0 1,5 ±0.10 1.5 0.6796 
Fourth 14 52 45 86.5 12.6 ±0.36 12.3 0.0814 
19 69 63 91.3 5.2 ±0.18 5.2 0.1925 
24 87 82 94.3 2.9 ±0.09 2.8 0.3534 
30 92 91 98.9 1.9 ±0.07 1.8 0.5616 
35 61 46 75.4 2.0 ±0.12 1.9 0.5227 
Table 7 (continued) 
Larval Temp Initial no. No. surviving to % Mean development Median Median 
instar CC) individuals next stage survivorship time (d ± SEM) time (d) rate(l/d) 
Finale 14 45 31 68.9 23.7 ±0.54 23.9 0.0418 
19 63 58 92.1 10.5 ±0.23 10.3 0.0971 
24 82 76 92.7 6.8 ±0.21 6.5 0.1546 
30 91 86 94.5 4.2 ±0.16 4.0 0.2530 
35 46 35 76.1 5.4 ±0.36 4.6 0.2169 
^Development time for fifth larval stadium for mode V larvae; development times for fifth + sixth 
larval stadia for mode VI larvae. 
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development time remained constant from 30 to 35°C. For third instar 
larvae, the mean development rate again decreased slightly from 30 to 35°C. 
The only other study that reported developmental times for the 
individual larval instars of the MWW was that of McManus (1962a). He 
reported mean development times of 3.7, 4.2, 5.4, 4.5, and 7.8 d for instars 
1-5, respectively. These values are shorter than those obtained during this 
study at 24°C, and longer than those obtained at 30®C. McManus did not 
specify under what temperatures his values were obtained. He only stated 
that "every care was taken to keep the laboratory conditions in close proximity 
to the field conditions." In addition, his values were based on very few 
individuals; 10 or less for each larval instar. 
Mean head capsule diameters for each larval instar and rearing 
temperature are presented in Table 8. No significant differences were 
observed in mean head capsule diameter between the different rearing 
temperature for first and second instar larvae ( first instar: F = 2.71; df = 
4,12; P > 0.05; ANOVA, second instar: F = 1.05; df = 4,12; P > 0.05; ANOVA). 
Significant differences between temperatures were noted for the third, 
fourth, and final instars (third instar: F = 3.85; df = 4,12; P < 0.05; ANOVA, 
fourth instar: F = 8.40; df = 4,12; P < 0.05; ANOVA, final instar: F = 12.36; df 
= 4,11; P < 0.05; ANOVA), with head capsule diameters of larvae reared at 14, 
35°C, or both, being smaller than those reared at 19, 24, and 30°C. 
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Table 8. Recovered mean head capsule diameters by larval instar of MWW 
larvae reared under five constant temperatures 
Larval Temp Mean head capsule 
instar CO n^ diameter (|am ± SEM)^ 
First 35 68 224 ± 1.9a 
30 84 223 ± 1.7a 
19 88 222 ± 1.6a 
24 85 219 ± 1.3a 
14 63 215 ± 2.0a 
Second 19 72 326 ± 2.1a 
24 92 322 ± 1.9a 
30 83 321 ± 2.3a 
14 55 319 ± 3.2a 
35 66 315 ± 1.9a 
Third 19 64 466 ± 3.6a 
24 77 462 ± 3.7a 
30 86 461 ± 3.2a 
14 . 52 452±5.1ab 
35 60 432 ± 3.3b 
Fourth 
19 62 654 ± 5.3a 
24 81 647 ± 3.5a 
30 88 642 ± 4.1a 
14 43 627 ± 8.3a 
35 45 572 ± 6.0b 
24 74 904a ± 5.5 
30 84 898a ±3.3 
19 56 878a ±2.4 
35 33 845b ±2.5 
14 31 833b ±5.7 
^Number of recovered head capsules. 
^Means followed by the same letter are not significantly different (P > 
0.05; Tuke/s test; [SAS Institute 1985a, b]). 
q 
Diameter of fifth instar head capsule for Mode V larvae; diameter of 
sixth instar head capsule for Mode VI larvae. 
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McManus (1962a) reported mean instar head capsule diameters of 219, 
327,492,686, and 1,044 |im for instars 1-5, respectively. These values were 
similar to those found in this study for first and second instar larvae, but 
were greater than those observed for third, fourth, and final instar larvae. 
As mentioned earlier, no MWW adults emerged from pupae held at 
14®C. All of the pupae desiccated between 3 and 4 months following the onset 
of pupation. At the temperatures where adult emergence did take place, the 
longest pupal development time occurred at 19®C (Table 6). Developmental 
times decreased firom 22.1 d at 19°C to a minimum of 6.7 d at 30°C. 
Developmental time then increased slightly at 35°C to a mean value of 7.0 d. 
McManus (1962a) reported that pupal development times of 25 pupae ranged 
firom 5-11 d, with an average of 8.5 d. The temperatures at which these 
values were obtained were not reported. McManus's values are similar to 
those obtained in this study from temperatures of 24 and 30®C. 
Mean pupal weights for each temperature are presented in Table 9. 
Analysis of variance procedures indicated a significant effect of temperature 
on pupal weight (F = 7.3; df = 4,11; P < 0.05; ANOVA). The heaviest pupae 
were recorded at 24®C, with mean weights decreasing through 30, 19, 14 and 
35°C. Pupae obtained from 24°C conditions were about 2.8 mg heavier than 
those obtained from 35°C conditions. No reports of MWW pupal weights have 
been published in the literature. 
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Table 9. Mean weights for MWW pupae reared at five constant temperatures 
Temp Mean pupal 
(°C) n^ weight (mg ± SEM)^ 
24 73 9.87 ± 0.21a 
30 84 9.10±0.22ab 
19 57 8.44±0.23abc 
14 30 7.74±0.17bc 
35 32 7.09 ± 0.18c 
^Number of successful pupations. 
^Means followed by the same letter are not significantly different (P ^ 
0.05; Tuke^s test; [SAS Institute 1985a, b]). 
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Mean development times for the complete life cycle were determined for 
the temperatures of 19,24,30, and 35®C (Table 6). A development time for 
14*^0 could not be determined because of the lack of a pupal development time. 
At 19°C, the complete life cycle required an average of 65.7 d to complete. 
Development time decreased to a minimum of 21.4 days at 30°C before 
increasing slightly to 23.4 d at 35°C. McManus (1962a) reported a mean life 
cyde development time (egg-adult) of 39.6 d. Wester and St. George (1947) 
reported field development times of 6 weeks for the first generation and 3—4 
weeks for the second generation in the Washington, D.C. area. These values 
correspond to mean development times obtained at 24 and 30°C in this study. 
Fectmdity data are presented in Table 10. Because the life cycle could 
not be completed at 14°C, no egg data were recorded at this temperature. 
Significant differences existed between temperatures with respect to the 
number of eggs oviposited (F = 496.4; df = 3,7; P < 0.05; ANOVA), but not for 
the number of eggs recovered firom the abdomen by dissection (nonoviposited) 
10 days after emergence (F= 0.52; df = 3,7; P > 0.05; ANOVA). Significant 
differences also existed for the total number of eggs collected (oviposited + 
nonoviposited) (F = 32.4; df = 3,7; P < 0.05; ANOVA). Tukey's test indicated 
significant differences between means for each temperature as presented in 
Table 10. 
The greatest mean number of eggs oviposited per female (45.2 ± 4.74) 
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Table 10. Number of oviposited and retained eggs recovered from MWW 
females 10 days following adult edosion 
Egg number (mean ± SEM)^ 
Temp 
(*(]) n2 Oviposited^ Retained^ Total 
3D 37 45.2 ± 4.74a 10.4 ± 2.05a 55.6 ± 3.60a 
24 29 39.5±5.10ab 13.4 ± 2.79a 52.9 ± 3.57a 
19 23 21.6±3.51bc 14.5 ± 2.31a 36.1 ± 2.97b 
35 13 11.7 ± 3.91c 10.3 ± 1.55a 22.0 +3.58c 
145 
^Means in columns followed by same letter are not significantly 
different (P ^  0.05; Tukey's test; [SAS Institute 1985a, b]). 
^Number of females. 
^Mean number of eggs oviposited by female moths over a 10 d period 
following adult eclosion. 
^Mean number of eggs recovered by dissection from female moths 10 d 
after adult eclosion. 
®No MWW adults emerged from pupae at this temperature. 
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was at 30°C; the lowest number (11,7 ± 3.91), at 35°C. The ranges in the 
number of eggs oviposited at each temperature were as follows: 30®C, 0-122; 
24®C, 0-93; 19®C, 0-55; 35®C, 0-46. The greatest number of eggs oviposited by 
any single female was 122. McManus (1962a) reported an average of 66.1 
eggs oviposited by 11 females, with 155 eggs oviposited as a maximum. North 
(1981) reported that 149 females oviposited an average of 23.9 ± 10.9 eggs per 
female, with a range of 1-68 eggs when honeylocust foliage alone was used 
as a substrate When larval webbing was used as a substrate, 50 female 
oviposited an average of 39.9 ± 16.1 eggs, with a range of 6-123. Robertson 
(1971) reported a female ovipositing 69 eggs, and Wester and St. George (1947) 
reported a female ovipositing 60 eggs. The mean values obtained in this 
study are comparable, although somewhat lower, than those mentioned in 
the literature. The values in Table 10 do, however, represent all the females 
from a given temperature; both those that did actively oviposit as well as 
those that did not. 
The median development times (time at 50% completion) for the entire 
life cycle (Table 6), each life stage (Table 6), and each larval stadium (Table 7) 
were used to normalize the frequency distributions obtained under each 
temperature regime included in the study. Median times were calculated, 
using the algorithm of Wagner et al. (1984b). Median times were used 
instead of mean times because they are less sensitive to outliers in the 
distribution and the use of median times as norming constants forces all 
distributions to coincide at least at their midpoints (Wagner et al. 1984b). In 
most cases, the median times were smaller in magnitude compared with the 
mean times. This is indicative of a skewing in the frequency distribution 
toward the right, as commonly occurs with insect populations (Wagner et al. 
1987). Based on the median development times obtained for each 
temperature, weighted mean normalized development times for each life 
stage and larval stadium were calculated, and a cumulative Weibull function 
fitted to the distributions utilizing a computer program developed by Wagner 
et al. (1984b). 
Estimates of the Weibull function (Equation 1) parameters y, (3, and t) for 
the entire life cycle and each life stage are presented in Table 11. The Weibull 
function fit the normalized frequency distributions extremely well, with 
values ranging from 0.997 to 0.999. Such high correlation coefficients are not 
unusual. The Weibull function parameter estimates obtained in this study 
were comparable to results obtained by researchers using this technique with 
other insect species (Salom et al. 1987, Wagner et al. 1984b, 1987,1988). 
The weighted mean normalized development times for each life stage 
and the entire life cycle were plotted and the Weibull function fitted to the 
data. These plots are presented in Figure 6. The apparent difiTerences 
between the slopes for the different life stages (eggs, larvae, and pupae) 
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Table 11. Parameter estimates for the cumulative Weibull function 
(Equation 1) fitted to the standard normalized distributions of the 
individual life stages and the total life cycle 
life Asymptotic Asymptotic 
stage Parameter Estimate SEM 95% CI R2 
Egg y 0.63 0.020 ±0.042 
P 2.83 0.156 ±0.327 0.999 
n 0.43 0.021 ±0.043 
Larva Y 0.70 0.011 ±0.023 
P 2.59 0.093 ±0.194 0.999 
n 0.34 0.011 ±0.024 
Pupa Y 0.71 0.032 ±0.068 
P 2.99 0.319 ±0.669 0.997 
n 0.33 0.033 ±0.070 
Life cycle Y 0.83 0.011 ±0.022 
P 2.47 0.144 ±0.301 0.998 
n 0.20 0.011 ±0.023 
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development rates; curve generated by the Weibull function 
(Equation 1) indicated by solid line 
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appear minor, which tended to differ from the results of Wagner et al. (1987, 
1988). Working with bark beetles, they observed a tendency toward greater 
variability in development time for individuals of successive life stages. 
Their development times for each life stage were shorter, however, and 
differences of a few days would have a greater impact on the spread of their 
distributions. As a general observation, development times of MWW 
individuals of a given life stage were fairly uniform as reflected in the ranges 
of the normalized development times (Figure 6). Approximate ranges of the 
normalized development times of the egg, larval, and pupal life stages and 
the entire life cycle (egg to adult emergence) were 0.65—1.53, 0.76-1.69, 
0.70-1.51, and 0.85-1.43 of the median time, respectively. These ranges are 
comparable, although smaller, than those observed for two species of bark 
beetles (Wagner et al. 1987,1988) and comparable, although longer, to those 
observed for the Pales weevil (Salom et al. 1987). 
In this study, the variability of the MWW larval normalized 
development times were slightly greater than those for the eggs and pupae. 
This could be due to behavior differences among individuals during larval 
feeding activity causing greater variability as opposed to development during 
the egg and pupal stage where behavior has little or no effect. 
Survivorship of individuals during each life stage and temperature 
studied are presented in Table 6. Mortality percentages of each life stage as 
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well as the entire life cycle (egg to adult emergence) under the temperature 
regimes studied are presented graphically in Figure 7. Egg mortality was 
least a£fected by temperature, as mortalities were low under all temperatures 
studied. During the entire study, 480 of 500 eggs hatched. This corresponded 
to a viability of 96%. The greatest egg mortality occurred at 35°C, but only 
11% of the eggs did not eclose. This agreed with the findings of other 
researchers who have also reported high viability among MWW eggs. 
McManus (1962a) observed 97% egg hatch from 727 eggs oviposited by 11 
females. North (1981) recorded 98% emergence from 2161 eggs oviposited by 
122 females. 
Temperature had a much greater effect upon the mortality of the larvae 
and pupae, and for the entire life cycle. Mortalities were higher at the 
temperature extremes and lower at the intermediate temperatures. Larvae 
showed high mortality at 14,19, and 35®C, but greatly reduced mortalities at 
24 and 30®C. Pupal mortality was lower at 19 and 35°C than for the larvae, 
but 100% mortality occurred at 14®C. This temperature was low enough to 
induce pupal diapause, inhibiting emergence until the temperature 
warmed. In this study, the pupae were held at a constant 14®C. The 
observed mortality was not due to the temperature, but rather to desiccation 
over an extended period of time. MWW pupae have been studied with regard 
to their ability to withstand winter conditions in central Iowa. North (1981) 
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Figure 7. Mortality percentages versus constant temperatures for MWW 
eggs, larvae, pupae, and the entire life cycle 
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observed 23% mortality for pupae held outdoors in corrugated cardboard 
wraps. Miller (1984) observed highly variable pupal mortality rates 
depending upon the ability of the pupae to supercool based on the prevailing 
weather conditions and the location of the pupae within their physical 
environment. Mortality rates for the entire life cycle were similar to those for 
the larval stage. 
The median development rates for the egg stage as calculated by the 
Wagner et al. (1984b) program were then entered into a second computer 
program (Wagner et al. 1984a) that modeled insect development based on the 
model of Sharpe and DeMichele (1977) (Equation 2). This program was also 
used to model the development rates for the larval stage, but in this case, 
median rates were not used. The median rates for the complete larval stage, 
as presented in Table 6, were based on only those individuals that 
successfully pupated. Approximately 87% of the larvae successfully pupated 
at 30°C, but only ca. 33 and 39% successfully pupated at 14 and 35°C, 
respectively. The larvae not accounted for in these figures died at different 
times throughout the larval stage. Because they did not pupate, they were 
not included in the calculations for the duration of the larval stage because 
the programs treated them as missing values. To base the developmental 
time only on those individuals that successfully pupated would not be correct, 
because a large proportion of the individuals reared at the temperature 
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extremes would be left out of the calculations. To more accurately represent 
the development time of the larval stage, developmental times of each larval 
stadium were summed, with the total representing the developmental time 
for the entire life stage. 
For the summations, mean development times were used in place of 
median times. Median times were preferred when measuring development 
times of each larval stadium separately, but presented problems if summed. 
The developmental time distributions, especially at the higher temperatures, 
spanned only 3 or 4 days. Summing the median times for such compact time 
distributions often resulted in values highly different from the true median. 
The summation of mean values did not present this problem. For this 
reason, mean development times of each larval stadium were summed to 
represent the duration of the larval life stage at each temperature studied. 
From these development time summations, the corresponding development 
rates for each temperature were calculated. 
The parameter estimates of the model for the egg and larval life stages 
are presented in Table 12. In both cases, the program indicated that the four-
parameter model with high-temperature inhibition best fit the data. The 
regression model fit the data well, with values of 0.999 for both the egg and 
larval stages. Similar regression coefficients have been obtained with this 
model for other insect species ( Salom et al. 1987, Wagner et al. 1987,1988). 
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Table 12. Parameter estimates for the Wagner et al. (1984a) development 
rate model for the MWW egg and larval life stages 
Life Asymptotic 
stage Parameter Estimate SEM R2 
Egg RH025 0.27 0.05 
HA 26,170.55 2,983.27 
TH 303.30 2.79 0.999 
HH 36,675.84 4,043.63 
Larval RH025 0.07 0.01 
HA 24,591.11 1,389.45 
TH 303.68 0.94 0.999 
HH 47,094.68 2,727032 
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The development rate curves, as predicted by the model, have been 
superimposed on the actual median development rates at each temperature 
studied for the egg stage and the larval stage (Figure 8), Visual deviations 
from linearity are evident in both plots at both the high and low temperatures 
ranges. For the larval stage, the median development rate actually 
decreased between 30 and 35°C. For the egg stage, the median development 
rate was greater at 35°C as compared with 30°C, but the increment was 
small enough for the computer model to determine that a high temperature 
inhibition of development was in effect. The deviations from linearity 
observed at the cooler temperatures for both life stages were not of a 
significant magnitude to warrant inclusion in the model. 
For the larval stage, the model predicted a minimum development time 
of ca. 10.9 d (corresponding to the maximum development rate) at ca. 31.2°C. 
These values were obtained graphically from expanded figures similar to 
those in Figure 8. A developmental maximum for the egg stage could not be 
determined from the data obtained from this study because the 
developmental rate had not yet peaked at 35®C. Additional temperatures 
above 35°C would be required to ascertain the developmental maximum for 
the egg stage. 
Median development rates for the pupal stage and for the complete life 
cycle could only be determined for four temperatures (Table 6). No pupal 
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development was recorded at 14°C. A developmental rate of zero (0.0) entered 
into the Wagner et al. (1984a) model will result in illegal mathematical 
functions. Because the model requires a minimum of five data points for 
parameter estimation (Salom et al. 1987), additional temperatures would be 
required for the model to be applicable. 
In addition to modeling the complete larval life stage, development of 
each larval stadium was modeled individually. Median development times 
for each larval stadium, presented in Table 7, were obtained by using the 
same computer algorithms as for the median times for each life stage. 
Weighted mean normalized development times were calculated as for the life 
stages, and a cumulative Weibull function fitted to the standard curves 
(Wagner et al. 1984b). Parameter estimates for the Weibull function for each 
larval instar are presented in Table 13. As for the life stages discussed 
earlier, the Weibull function described the standard normalized 
distributions. Regression coefficients ranged from 0.997 to 0.999. 
The weighted mean normalized development times for each larval 
stadium were plotted and the Weibull Amotion fitted to the data. These plots 
are presented in Figure 9. The curves for larval stadia 1—4 are of a similar 
slope and range. The ranges for the normalized development times for larval 
stadia 1-4 were 0.47-2.11,0.33-2.21, 0.34-1.93, and 0.46-2.21 of the median 
time, respectively. Compared with the first four stadia, the "final" larval 
92 
Table 13. Parameter estimates for the cumulative Weibull function 
(Equation 1) fitted to the standard normalized distributions for first 
through final larval stadia 
Larval Asymptotic Asymptotic 
Stadium Parameter Estimate SEM 95% CI R2 
First Y 0.47 0.025 ±0.051 
P 2.03 0.101 ±0.210 0.999 
n 0.65 0.026 ±0.054 
Second y 0.22 0.063 ±0.131 
P 3.10 0.242 ±0.507 0.998 
n 0.88 0.064 ±0.135 
Third Y 0.26 0.057 ±0.119 
P 2.62 0.208 ±0.435 0.998 
n 0.84 0.058 ±0.122 
Fourth Y 0.46 0.016 ±0.035 
P 1.95 0.061 ±0.128 0.999 
T1 0.66 0.017 ±0.042 
Final Y 0.63 0.020 ±0.042 
p 1.96 0.096 ±0.202 0.997 
n 0.46 0.022 ±0.046 
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stadium composed of the development times of fifth instar, Mode V larvae 
and fifth and sixth instar, Mode VI larvae, had a steeper slope and a broader 
range of normalized development time (0.63-2.69 of the median). The steeper 
slope was the result of a large number of individuals completing final stadial 
development in a shorter portion of the total range of development times as 
compared with the first four larval stadia. This becomes apparent when the 
duration of each larval stadium was considered. The average time 
percentages of the larval life stage spent by an individual caterpillar in each 
of the five stadia were 17.6% (± 0.56 SEM), 14.6% (± 0.84), 14.4% (± 0.70), 16.6% 
(± 0.34), and 36.8% (± 2.04) for the first-final larval stadia, respectively. 
These percentages were calculated by dividing the mean time for a given 
stadium by the sum of the mean times for all stadia at each temperature, 
multiplying by 100, and averaging the values for each stadium across all 
temperatures. A test of the mean development times at each temperature 
indicated that temperature did not affect the proportion of time spent in each 
larval stadium = 9.1; df = 16; P > 0.05). 
Slightly over twice as much time was spent in the final larval stadium 
as compared with each of the first four. Because the rearing boxes were 
inspected on a daily basis, the increase in the number of days spent in the 
final larval stadium gives an increased resolution when the normalized 
times are compared. For example, a 2-d range on either side of a 4-d median 
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accounts for a wider spread (shallower slope) than does a 2-d range on either 
side of an 8-d median. 
The increased range of the normalized times of the final stadium was 
the result of combining the Mode V and Mode VI larvae together. The 
inclusion of the Mode VI larvae tended to produce a bimodal frequency 
distribution before normalization (one peak for Mode V larvae and one for 
Mode VI larvae). This resulted in a shift of the normalized development time 
to the right, which increased the range of values for the final stadium as 
compared with stadia 1-4. 
Mortality percentages during each larval stadium at each temperature 
included in the study are presented in Figure 10. Temperature had a greater 
effect upon larval mortality during the first and final larval stadia than 
during the second, third or fourth larval stadia. Mortalities during the 
second and third stadia, while also higher at the temperature extremes, 
tended to be lower and more constant across the different temperatures. 
Overall mortality patterns were U or J-shaped, with higher mortalities 
observed at the high and low temperatures as compared with the 
intermediate temperatures. This pattern is typical for many insects (Haugen 
1982, Wagner et al. 1987,1988). 
Mortality during the first larval stadium at 35°C appeared to be the 
result of the larvae not beginning to web (and consequently feed) immediately 
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following hatching. First instar larvae that wandered about the foliage (or 
even left the foliage altogether)» were more apt to desiccate that those that 
began to web and feed soon after hatching. Death normally occurred within 
24 h of eclosion. Once the larvae had begun to web, they were much more 
likely to survive to the next instar. 
Mortality at 35°C during the fourth and final stadium appeared to be the 
result of a gradual decline in vigor. Death was usually preceded by a 
decrease in the amount of webbing produced as well as a decline in the 
amount of foliage consumed. The duration of the final larval stadium was 
slightly over twice as long as the other individual stadia. This prolonged 
exposure at 35°C may have been more detrimental to final instar larvae than 
to the others, where the time spent in each stadium was shorter, although a 
similar decline in vigor appeared to be responsible for the higher mortality 
also observed during the fourth stadium at 35°C. 
Mortality at 14°C was higher for first and final instar larvae than for 
second, third, and fourth instar larvae. First instar larvae that did not begin 
to web and feed soon afi;er eclosion were more likely to succumb compared 
with those that did. The 14°C temperature extended the time spent in the 
final stadium to ca. 24 days (Table 7). A loss of vigor was noted for many final 
instar larvae at this temperature. 
As with the separate life stages, the median development rates for each 
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larval stadium calculated by the Wagner et al. (1984b) algorithm were 
entered into the Wagner et al. (1984a) algorithm for modeling purposes. The 
parameters calculated by the model are presented in Table 14. Regression 
coefficients ranged from 0.995-0.999. For all five stadia, the four parameter 
model with high-temperature inhibition best fit the data. Deviations from 
linearity observed at the cooler temperatures were not great enough to be 
considered significant by the algorithm. 
The predicted development rate curves were superimposed over the 
actual median development rates for each temperature studied, and are 
presented in Figure 11. The overall shapes of the curves were similar to each 
other, with the major differences occurring over the range of high 
temperature inhibition. The algorithm predicted an increase and 
subsequent decrease in development rates between 30 and 35®C for all five 
larval instars. Actual development rates also showed a decrease at 35°C as 
compared with 30°C except for the third instar, which showed a slight 
increase at 35®C. The model, however, predicted that the development rate 
peaked before 35°C. Therefore, the development rate was actually declining, 
rather than increasing, at that temperature. 
Maximum (optimum) developmental rates, as calculated by the model, 
were determined graphically from plots such as those in Figure 11. The 
minimum development times and the corresponding optimum temperatures 
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Table 14. Parameter estimates for the Wagner et al. (1984a) (Equation 2) 
development rate model fitted to the median rates for the MWW 
larval instars 
Larval Asymptotic 
instar Parameter Estimate SEM 
First RH025 0.45 0.01 
HA 27,076.29 425.63 
TH 304.4 0.23 
HH 56,194.23 1,079.35 
Second RH025 0.46 0.01 
HA 24,609.50 707.92 
TH 306.43 0.44 
HH 56,980.36 3,481.29 
Third RH025 0.59 0.1 
HA 28,729.33 3,170.51 
TH 302.8 2.30 
HH 42,008.48 4,068.18 
Fourth RH025 0.50 .07 
HA 26,779.72 2,716.23 
TH 303.5 1.77 
HH 47,307.06 4,871.35 
Final RH025 0.20 0.04 
HA 22,107.72 4,698.07 
TH 305.64 2.92 
HH 56,261.32 19,234.77 
R2 
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Figure 11. Development rate curves of MWW first-final instar larvae at 
constant temperatures. Observed median development rates are 
indicated by dots; the rate function as predicted by the Wagner et 
al. (1984a) model (Equation 2) is indicated by the solid line 
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for development for each larval instar were ca. 1.7 d at 31.1°C, 1.4 d at 32.3°C, 
1.4 d at 33.3®C, 1.8 d at 31.7°C, and 3.9 d at 31.2®C for larval instars 1-5, 
respectively. 
The simple linear regression equations calculated for each life stage 
and the complete life cycle are presented in Table 15. The regression lines 
were superimposed over the actual development rates for each temperature 
studied, and are presented individually in Figure 12. The regression lines 
were also plotted together (Figure 13) to illustrate the relationship between 
the individual regression equations. 
All temperature data were used for regression equation calculation. 
Some workers (Campbell et al. 1974, Jackson and Elliott 1988) have used only 
those temperatures where development was linear. Others, however, 
(Hammond et al. 1979, Haugen 1982, Park 1988, Yu and Luck 1988) have used 
all temperature data, including those that have shown high or low 
temperature inhibition. Inclusion of data that result from high temperature 
inhibitions tends to decrease the slope of the resultant regression line as 
compared with its exclusion. The decreasing slope will also tend to move the 
point of interception with the x-axis to the left, resulting in a lowering of the 
estimate of the minimum thermal threshold. Depending on the distribution 
of the temperature data, this may or may not result in a thermal threshold 
estimate closer to the true value. 
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Table 15. Regression equations, minimum developmental thresholds 
(Tjjjin), developmental time in degree-days (DD), and coefficients of 
determination for the life stages of the MWW 
Life 
stage nO 
Regression 
equation 
^mln 
(°C) 
K 
(DDi) DDji r2 
Egg^ 480 y =  -0.1559 + 0.0140% 11.1 71 61 0.89 
Larvae^ 286 y =  -0.0347 + 0.0036% 9.6 278 206 0.89 
Pupae^ 223 y =  -0.0964 + 0.0074% 13.0 135 141 0.94 
Life 
cycled 223 y = -0.0284+ 0.0023% 12.3 435 441 0.93 
^Number of individuals successfully completing each life stage. 
^Based on a Tj^j^ value of 12.3®C. 
^ata based on median development times for the life stage. 
^Data based on averaged sums of the mean development times for each 
component portion of the life stage. 
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Figure 12. Regression lines for MWW eggs, larvae, pupae, and the entire life 
cycle. Median development rates are represented by dots; 
predicted values by the solid line 
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Figure 13. Combined regression lines and equations for MWW eggs, larvae, 
pupae, and the complete life cycle 
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Minimum developmental thresholds for egg, larval, pupal, and life 
cycle (egg to adult emergence) development calculated from the regression 
equations were 11.1, 9.6, 13.0, and 12.3®C, respectively. The minimum 
thermal threshold estimates for the pupal stage and the life cycle appear to be 
lower than the actual thresholds because no development was observed at 
14®C. This discrepancy is caused by the inclusion of the 35°C data in the 
regression equation calculations. If only the 14 -30°C data had been used, 
the estimated threshold would have been closer to 14°C than to the values 
actually estimated. Manipulating data in this manner for these two 
categories and not the others to obtain a better fît of the model was 
determined to be inappropriate. 
Thermal units (TU), expressed as degree-days (DD) above threshold, 
required to complete life stage development are presented in Table 15. 
Similar estimates were obtained from both methods used. The greatest 
difference was apparent for the larval stage, because of the difference 
between the values used as estimates ofT^in, 9.6°C for DD^ and 12.3°C for 
DD2. 
Regression equations calculated for each larval instar are presented in 
Table 16. The equations, superimposed over the development rates, are 
plotted individually in Figure 14 and together in Figure 15. The values of 
Tjnin calculated from each regression equation were 10.4, 11.7, 11.4, 9.9, and 
8.5°C for the first through final larval instars, respectively. The second and 
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Table 16. Regression equations, minimum developmental thresholds 
(Tjjjin), developmental time in degree-days (DD), and coefficients of 
determination for the larval stadia of the MWW 
Larval 
stadium^ nb 
Regression 
equation 
^min 
(°C) 
K 
(DDj) DDgC r2 
First 421 y =  -0.2482 + 0.0238X 10.4 42 34 0.88 
Second 393 y =  -0.3673 + 0.0315% 11.7 32 29 0.95 
Third 361 y =  -0.3508 + 0.0308X 11.4 33 29 0.97 
Fourth 327 y =  -0.2354 + 0.0237% 9.9 42 33 0.92 
Final 286 y =  -0.0812 + 0.0096% 8.5 104 72 0.87 
®Data based on median development times for each larval stadium. 
^Number of individuals successfully completing each larval stadium. 
^Based on a T„:„ value of 12.3°C. 
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Figure 14. Regression lines and equations for the firstr-final MWW larval 
stadia. Median development rates are represented by dots; 
predicted values by the solid line 
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Figure 15. Combined regression lines and equations for MWW first -final 
larval stadia 
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third instars showed the highest values and, additionally, showed the 
least amount of high-temperature inhibition (Figure 15). Mortality at 35°C 
was also lowest (Figure 10) for these two instars. The first, fourth, and final 
instars had lower T^in values, and showed higher levels of high-
temperature inhibition than did the second and third instars. 
The thermal-unit requirements necessary to complete each larval 
instar are presented in Table 16. Similar estimates were obtained firom both 
methods employed in the study, with the deviations due to the differences 
between the T^^ values used for each technique. The TU totals for all five 
larval instars, 253 (DD^) and 197 (DDg), were also similar to the TU values of 
278 (DDj) and 206 (DDg) calculated firom each method for the larval life stage 
(Table 15). 
The use of temperature-driven models for purposes of forecasting insect 
development has become an important tool in many pest management 
systems. Models have become more complex with the advent of easily 
accessible computer technologies, but some workers feel that in an attempt to 
attain a high level of accuracy, much of the practicality and applicability with 
regard to pest management situations has been lost (Pruess 1983). Indeed, 
Higley et al. (1986) have pointed out that the inclusion of precise parameters 
in models is unwarranted if the data used for the calculation of thermal 
units is not equally precise. 
The models described here still require rigorous testing and evaluation 
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in the field. The MWW would be a difficult insect to study under field 
conditions because of the messy nature of the webbing spun by the larvae. 
The larvae are not easily observed inside the webbing, and are very active and 
spin free of the webbing quite readily if disturbed. Once the larvae have spun 
out of the webbing, it is difficult to return them to their original location. 
These behavior patterns would make the type of observation required by such 
a study very difficult, as well as result in an unnatural effect upon 
development times. In the studies described in this paper, the larvae were 
easily viewed on a day-to-day basis through the sides of the plastic rearing 
boxes. Disturbance to the larvae was minimal, and was only required when 
the caterpillars were moved to firesh foliage. 
Few studies have been undertaken with regard to the modeling of insect 
pests of woody landscape plants, although work done by Potter and Timmons 
(1983) and Akers and Nielsen (1984) have proven to be very usefiil in urban 
IPM systems. Insect development in response to temperature is an inherent 
trait of insect populations in relation to their environment. As such, it is a 
component of the information base that should be available for every insect 
pest. The availability of such information is often taken for granted until it is 
needed. It is hoped that the information presented in this paper will be 
useful to those who will have need for it. 
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PART II THE EFFECT OF HONEYLOCUST CULTIVAR ON THE 
DEVELOPMENTAL BIOLOGY OF THE MIMOSA WEBWORM 
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INTRODUCTION 
Cultivars of thornless honeylocust, Gleditsia triacanthos L. var 
inermis, have been widely planted in urbanized environments in the United 
States, often as a replacement for the American elm. The honeylocust is a 
desirable tree from a horticultural standpoint because it grows rapidly, has 
attractive form and foliage, is tolerant of drought and poor soils, is easily 
propagated, and is readily transplanted (Dirr 1983). 
Honeylocust has been listed as one of the ten most common street trees 
and as one of the top five best adapted trees in the north central states 
(Nielsen et al. 1985). Unfortunately, it is acknowledged that honeylocust is 
commonly attacked by numerous pests. 
The mimosa webworm, Homadaula anisocentra Meyrick 
(Lepidoptera: Plutellidae), is one of these pests. Olkowski et al. (1978) have 
listed this pest as one of the major shade tree insect problems in the United 
States. Common to much of the urban planting range of honeylocust, 
mimosa webworm (MWW) larvae web the honeylocust leaflets together as 
they feed. The windowpaned leaves desiccate and turn brown, giving the tree 
a scorched, unsightly appearance. Although seldom causing death directly, 
severe or repeated defoliations undoubtedly serve as an additional source of 
stress for the plant, as with other tree species (e.g., Houston 1973,1985). 
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Certain cultivars of honeylocust have been reported to differ in their 
levels of susceptibility to the MWW. The cultivar 'Sunburst' has been listed 
as more susceptible than other cultivars commonly planted (McManus 
1962a, Schuder 1976, Craig 1977, Dirr 1983). McManus (1962a) observed more 
colonies and faster development times of MWW larvae on the cultivar 
'Sunburst,' but the data were from a relatively small number of trees and no 
statistical designs or analyses were mentioned. Other cultivars, including 
'Moraine,' 'Skyline,' 'Imperial,' 'Shademaster,' and 'Green Glory' have 
been associated with greater levels of resistance, even though they are still 
subject to heavy infestations (Schuder 1976, Dirr 1983). Based on these 
reports, subsequent honeylocust cultivar recommendations have been made, 
even though no statistical evaluations of cultivar resistance have been 
published in the literature. 
To better understand the relationships between honeylocust cultivar 
and MWW infestations, a study was designed and executed to evaluate the 
effects of honeylocust cultivar on larval, pupal, and adult MWW biology. 
Comparisons of biological parameter measurements obtained from larvae 
reared on different cultivars would provide an indication of potential 
antibiotic qualities present between cultivars. Such information, combined 
with recent research (Miller 1984, Hart et al. 1986, Miller and Hart 1987) that 
has indicated that proximity to certain overwintering sites may influence 
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infestation rates among honeylocust trees, would expedite the development of 
an integrated pest management (IPM) strategy for this insect. 
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MATERIALS AND METHODS 
Trees of the five honeylocust cultivars evaluated in this study, 
'Imperial,' 'Moraine,' 'Shademaster,' 'Skyline,' and 'Sunburst,' were 
obtained from Sherman Nursery Co., Charles City, Iowa. 'Moraine' has 
been described as more resistant to the MWW, while 'Sunburst' has been 
described as more susceptible (McManus 1962a, Schuder 1976, Dirr 1983). 
These two cultivars were included in the study because they have been widely 
planted, have been reported to represent the extremes in honeylocust 
resistance to the MWW, and were readily available. The cultivars 
'Shademaster,' 'Skyline,' and 'Imperial' are commonly found in the nursery 
trade and have been described as having susceptibilities intermediate to 
"Moraine' and 'Sunburst.' For these reasons, they too,were included. Three 
trees of each of the five cultivars, fifteen trees total, were used in the study. 
All of the trees, except those of the cultivar 'Moraine,' were received as 
bare root, 0.9-1.2 m whips. Trees of the cultivar 'Moraine' were available 
only as bare root, 1.2-1.5 m whips, and were received as such. Upon arrival, 
each tree was inspected for injury sustained during processing and 
shipping. The leaders were cut back to a healthy lateral bud and any 
damaged or broken roots were trimmed back to healthy tissue. 
Each tree was planted in a 20.1 liter plastic bucket. Four 1.5 cm holes 
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had been previously drilled in the lower sides of the buckets to provide 
drainage. After placing the roots of each tree in the bucket, the bucket was 
filled with a standard horticultural soil mix that consisted of one part 
horticultural grade perlite, one part soil, and one part hypnum peat moss (by 
volume). The soil mix was steam pasteurized at 85®C for 1 h before use. 
After planting, the buckets were moved to a greenhouse on the Iowa 
State University campus. The plants were placed under fluorescent lights 
set for a 16:8 (L:D) photoperiod. The temperature inside the greenhouse 
ranged from 21-30®C during the day and 12-19°C during the night. 
The trees were planted on April 10,1986, and remained in the 
greenhouse until May 5,1986. On this date, the trees were moved outdoors 
and placed in a screen house shaded with black, nylon mesh netting. In the 
screen house, the trees were subjected to normal environmental conditions. 
The trees remained in the screen house until Sept 16,1986. They were 
then brought back into the greenhouse where they remained until the study 
was completed. The move back into the greenhouse was timed to coincide 
with the beginning of the final replication of the study. 
The containers were watered as needed to prevent wilting of the foliage. 
The soil mix was watered thoroughly and the excess allowed to drain. Each 
container was fertilized once per month with a 20-20-20 (nitrogen-
phosphorus-potassium) fertilizer (Peters® Fertilizer Products, W. R. Grace 
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and Co., AUentown, PA). The water-soluble fertilizer was mixed at the rate 
of 7 g of fertilizer dissolved in each liter of water. In alternate months, a 
micronutrient fertilizer (S. T. E. M., Peters® Fertilizer Products, W. R. 
Grace and Co., Fogelsville, PA) was added to the fertilizer solution at the rate 
of 3 g per 11 liters of solution. 
One Percival® incubator (growth chamber, phytotron), was used in this 
study. The incubator was set for a 16:8 (L:D) photoperiod and a 26:20®C (L:D) 
temperature regime. The temperature settings used were based on the data 
obtained from Part I of this dissertation. The temperature for optimum 
larval development was determined to be ca. 31.2°C (Part I, Figure 8). The 
linear portion of the temperature development curve ranged from ca. 
20-28°C. The selected temperature regime (26:20®C [L:D]) accumulated 13.4 
degree-days (DD), over a 9.6®C base temperature, each day. This suboptimal 
temperature regime, centered over the lower portion of the linear section of 
the the larval development curve, was selected to lengthen the development 
period to enhance the chance of detection of differences between the cultivars 
evaluated in the study. 
The experimental design used in this study was a 5 X 5 Latin square 
(Figure 1). The five shelf locations (top to bottom) were assigned to the 
columns of the Latin square, and five replications over time formed the rows. 
The five honeylocust cultivars selected were assigned to the treatment 
(column-row intersections) portions of the square. Randomizations were 
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made by first designing the Latin square and then randomly assigning the 
shelf number, replication number, and cultivar to the columns, rows, and 
treatment portions of the square, respectively. 
Experiments conducted in incubators are frequently deficient with 
respect to one or more aspects of experimental design (Lee and Rawlings, 
1982). In this study, an entire replication within the incubator was a single 
experimental unit. The only manner in which to have true replications was 
to repeat runs over time. By using a Latin square design, each cultivar had 
one replication on each shelf. In this manner, the total experimental error 
could be estimated adequately over five replications and the experimental 
error among shelf locations within the incubator could be removed. 
Incubators were temperature-calibrated by using thermographs that 
had themselves been calibrated by the Research Technical Assistance Group 
at Iowa State University. Each chamber was checked over a 48 h period 
following recalibration to ensure that the incubator was maintaining the 
desired temperature. The temperature within the incubator was monitored 
on a daily basis with a high/low thermometer. Throughout the duration of 
the study, the incubator maintained temperatures within ± 1®C of its 
designated setting. 
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Figure 1. Diagram illustrating (A.) the shelf location within the 
experimental incubator and (B.) the the 5x5 Latin square design 
used for the MWW-clonal evaluation study. Replication and shelf 
location comprised the rows and columns of the square, and 
honeylocust cultivars formed the treatments (row x column 
intersections) 
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Figure 2. Diagram of rearing box used for clonal evaluation study 
(Diagram from Weatherby [1982]) 
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Figure 3. Diagram of holding rack used for clonal evaluation study 
(Diagram from Weatherby [1982]) 
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Individual rearing boxes (Figure 2) were constructed based on the 
design used by Weatherby (1982). Hinged, plastic snapboxes measuring 9.4 
by 6.8 by 2.0 cm (length, width, depth) were drilled with a 1.5 cm hole in the 
bottom large enough to accept a florists' Aquapic®. The Aquapics were filled 
with tap water, capped, honeylocust foliage inserted into the Aquapics, and 
the foliage-Aquapic combination placed into the snapbox which was then 
closed. The completed rearing boxes were then positioned on wood and metal 
racks (Figure 3) which held the rearing boxes upright. Each rearing box was 
labeled with an identification number firom 1-20 corresponding to its location 
in the holding rack. 
Twenty rearing boxes were assembled for each treatment combination. 
Because there were five treatment combinations per replication, each 
replication involved 100 rearing boxes. Over the entire duration of the study 
(five replications), 500 rearing boxes were prepared. 
The foliage from each cultivar used in the study was removed with a 
razor blade firom the potted trees while they were in the screen house. 
Because the average leaf size of the once-pinnately compound leaves was too 
large to comfortably fit into the rearing boxes, only twice-pinnately compound 
leaves were selected. From these leaves, the once-pinnately compound 
leaflets were removed from the rachi for use. 
Peacock (1967) observed that MWW larvae preferred to feed on older 
123 
foliage rather than new. He hypothesized that the larvae may have been 
responding to the presence of the alkaloid triacanthine. Triacanthine 
concentrations were highest in foliage that was less than 2 wk old. After 2 
wk, the triacanthine concentrations dropped rapidly. To minimize the 
possibility of triacanthine influencing the study results, only mature foliage 
(older than 2 wk) was used. The age of the foliage was determined by 
periodically placing dated tags around the growing honeylocust branches. 
The age of leaves on the branches could then be determined easily. All leaves 
taken for each treatment combination (replication-shelf-cultivar) were of 
approximately the same physiological age. 
Following removal from the trees, the leaves were placed in plastic bags 
and taken to the laboratory for placement into the rearing boxes. Before being 
placed into the Aquapics, the leaf petiolules were reçut at a 45® angle with a 
razor blade. A petiolule length of 2-3 cm was desired. If this length was not 
present on a leaflet afber recutting, the most proximal leaflets on the 
rachillae were removed with a razor blade to obtain the desired length. Two 
honeylocust leaves were inserted into each Aquapic. If the leaves were 
longer than would comfortably fit within the snapbox without excessive 
bending, the distal portions were trimmed with a razor blade to fit. The 
rachillae of the two leaflets were wound around each other twice to form a 
tighter unit. This provided more leaf area for the newly emerged MWW 
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larvae to find shelter and begin to web. 
The MWW eggs used to begin each treatment combination were 
produced from adults obtained from a MWW colony maintained in an Iowa 
State University, Department of Entomology, greenhouse. The sex of the 
pupae obtained from this colony was determined by using the technique of 
Miller and Triplehom (1979). Following adult emergence, one female and 
two male moths were placed into a rearing box identical to those previously 
described. The seedling honeylocust foliage inside the rearing box had been 
provided with a third, fourth, or fifth instar MWW larva at least 4 h before the 
introduction of the adult moths. The presence of the webbing produced by the 
MWW larvae was highly stimulatory to oviposition. Adult moths placed into 
this environment would typically mate within 24 h. Females typically began 
to oviposit 24-48 h after introduction into the mating box. Eggs were 
monitored in the rearing boxes until they began to turn pink, as compared 
with the creamy-yellow color present upon oviposition. The pink color 
indicated that the eggs were fertile (McManus 1962a). The pink eggs, 
together with a small amount of larval webbing, were removed with a 
jewelers' forceps and placed on a clean sheet of filter paper in a petri dish. 
Eggs oviposited on the same day by different females were collected together 
to ensure identical ages. 
For all treatment combinations, after a number of eggs in excess of the 
number known to be required at that time had been collected, the eggs were 
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divided into lots. Twenty-five eggs were included in each lot, one egg for each 
of the 20 rearing boxes used for each treatment combination, leaving five eggs 
to be held in reserve for replacement of any that might be damaged during 
transfer. Each egg lot was then randomly assigned to a treatment 
combination. 
A single MWW egg, with a small amount of webbing attached, was 
placed on the rachilla of one of the two leaflets in each rearing box. The 
webbing was included because it was slightly sticky and prevented the egg 
from dropping off the foliage. After placing the egg on the foliage, the 
rearing box was closed and placed in the holding rack. This procedure was 
repeated for each of the 20 rearing boxes for each treatment combination. 
Three additional rearing boxes were also prepared for each treatment 
combination. These were held in reserve in case one or more of the eggs in 
the original 20 rearing boxes failed to eclose, or the first instar larvae did not 
web into the foliage and begin to feed soon after hatching. If either of these 
events occurred among the original 20 rearing boxes, the offending rearing 
box was replaced with one of the extra boxes held in reserve. If neither event 
occurred, the three extra boxes were removed from the holding tray. This 
procedure was employed to assure that 20 well established, first-instar larvae 
began the rearing sequence for each treatment combination. 
After an egg had been placed into each of the 20 rearing boxes (plus the 
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extra three) of a treatment combination, the rack holding the rearing boxes 
was placed into the incubator on the shelf assigned to the corresponding 
treatment combination, one rack on each of the five incubator shelves. 
Each rearing box in each rack was inspected daily. Each rack 
containing the 20 rearing boxes from a given treatment combination was 
removed firom the incubator and carried to a laboratory bench. Each rearing 
box was opened and the immature life stage present inspected under a 
StereoZoom® 4, Bausch & Lomb dissecting microscope to ascertain if it had 
progressed to the next instar or life stage. The dates of egg hatch, molting, 
cocoon formation, pupation, and pupal eclosion were recorded. After all 
rearing boxes of a treatment combination had been checked, the holding rack 
was returned to the incubator. Each holding rack was rotated 90 degrees 
clockwise each day to minimize any temperature gradients from the front to 
back of the incubator. 
If a larva had molted to the succeeding instar, a search of the rearing 
box was conducted to locate the shed head capsule. When the head capsule 
was located, it was removed with a jewelers' forceps and placed into a #1 
gelatin capsule into which a small amount of cotton floss had previously been 
inserted. Each gelatin capsule was labeled with the corresponding rearing 
box number and larval instar number from which the head capsule 
originated. 
Each labeled gelatin capsule was placed in a holding rack that 
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consisted of two, 36 cm square sheets of 10 cm thick masonite glued together 
one atop the other. The upper sheet had 210, evenly spaced, 7 mm holes 
drilled through it that allowed a friction fit between the gelatin capsule and 
masonite. One holding rack was used for each treatment combination. 
Following completion of the entire study, the gelatin capsules were 
opened and the head capsule diameters measured. The head capsules were 
held in place by the cotton floss inside the gelatin capsules. The gelatin 
capsule was mounted in a styrofoam block which rested on the stage of a 
model M5, Wild® dissecting microscope. The head capsule diameters were 
measured by using an ocular micrometer that had been calibrated with a 
stage micrometer manufactured by the American Optical Company. 
Diameters were measured across the greatest width of the head capsule. 
Fifth instar head capsules could not be measured as just described. 
During the molt from the larval to the pupal stage, the fifth instar head 
capsule would split along the ecdysial suture located on the vertex and frons. 
This splitting distorted the shape of the head capsule, which would have 
resulted in diameter measurements which were greater than the true 
diameter of the head capsule. This was not a problem with first through 
fourth instar head capsules, because no splitting along the ecdysial sutures 
occurred. Accurate measurements of fifth instar head capsule diameters 
were obtained by measuring the distance across the head capsule of the fifth 
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instar caterpillars before the molt to the pupal stage occurred. This was 
accomplished by manipulating the rearing box under the dissecting 
microscope so that the head capsule diameter could be measured with the 
ocular micrometer. 
Mature MWW larvae spun cocoons and attached them either to the 
honeylocust foliage, the sides and comers of the rearing boxes or, most 
commonly, to a combination of both. The date of actual pupation was 
determined by visually inspecting the cocoons, where the shed larval exuvia 
was easily visible at one end. 
Following pupation, 48 h were allowed to pass before removing the pupa 
from its cocoon. This period was necessary to allow the pupal cuticle to 
sclerotize, minimizing damage upon removal from the cocoon. After 
removal, each pupa was placed into a 29.6 ml, plastic creamer cup and 
labeled with its rearing box identification number. The lids of the creamer 
cups had six small holes punched through them for air exchange. After sex 
had been determined (Miller and Triplehom 1979), the pupae were weighed 
on a Model AE 100, Mettler® balance to the nearest 0.1 mg. The pupae were 
then returned to their original shelf location in the incubator and allowed to 
complete pupal development. 
Following adult emergence, each female moth was paired with two 
males obtained from the greenhouse colony. The technique used was 
identical to that described earlier for the procurement of eggs for the 
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treatment combinations. The females were allowed a time period of 10 d to 
oviposit. After 10 d, the mating boxes were opened and the number of eggs 
oviposited by each female counted and recorded. 
Often, some eggs had eclosed before the end of the 10 d period. MWW 
larvae had never been observed to consume the egg chorion following 
emergence, so the number of empty egg chorions were simply added to the 
number of eggs which had yet to emerge. 
After the number of oviposited eggs had been counted, the abdomen was 
removed from the female and dissected in alcohol under a dissecting 
microscope. The eggs still remaining in the female's abdomen were counted 
and the number recorded. 
The data were analyze with routines from the Statistical Analysis 
System (SAS Institute 1985a, b). PROG T-TEST was used to analyze for 
differences between male and female populations. PROG GLM was used for 
the analysis of variance procedures. When the analysis of variance indicated 
a significant difference (P < 0.05) between clones for a given variable, the 
TUKEY option was used with PROG GLM as the mean separation procedure. 
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RESULTS AND DISCUSSION 
Male and female development times for the immature life stages and 
the entire life cycle are presented in Table 1. In this study, no comparisons 
were made between the cultivars for the egg stage. Eggs were not selected for 
placement in the rearing boxes until they had begun to darken. This 
indicated that eclosion would follow shortly. For this reason, time spent in 
the egg stage while in the rearing boxes was very short, and analyses of these 
data would have little, if any, biological significance. 
For the larval stage (Table 1), female development times were longer 
than those for the males. The differences were significant, however, only for 
larvae reared on the the cultivars 'Imperial* and 'Sunburst.' In all cases, 
the differences between male and female development times were less than 1 
d. 
This trend was reversed for the pupal stage, where male development 
times were usually longer than those for female pupae (Table 1). The 
differences were large enough to be declared significant for four of the five 
cultivars evaluated. Only for the cultivar 'Shademaster' was the difference 
declared nonsignificant. In all cases, the differences between male and 
female development times were less than 1 d. 
Table 1. Differences between male and female MWW immature life stages 
with respect to mean developmental time when reared on five 
different honeylocust cultivars 
life 
stage Cultivar® Sex nb 
Mean development 
time (d ± SEM) 
Prob. of 
> l t | C  
Larva Imp m 
f 
49 
47 
18.9 ±0.24 
19.8 ±0.20 <0.01** 
Mor m 
f 
43 
47 
21.3 ±0.30 
21.9 ±0.22 0.10 
Shd m 
f 
46 
47 
19.4 ±0.21 
19.7 ±0.21 0.37 
Sky m 
f 
47 
49 
19.5 ±0.17 
19.9 ±0.16 0.12 
Sun m 
f 
47 
45 
19.5 ±0.15 
20.0 ±0.15 0.02* 
Pupa Imp m 
f 
49 
47 
12.7 ±0.12 
12.2 ±0.10 <0.01** 
Mor m 
f 
43 
45 
12.7 ±0.11 
12.3 ±0.13 0.02* 
Shd m 
f 
45 
47 
12.1 ±0.15 
12.3 ±0.10 0.30 
Sky m 
f 
45 
49 
12.6 ±0.11 
12.1 ±0.13 <0.01** 
®Imp, Imperial; Mor, Morraine; Shd, Shademaster; Sky, Skyline; Sun, 
Sunburst. 
^Number of individuals completing specified life stage 
^Probability of greater I 11 for HQ*. male and female means are equal; *, 
significant at 0.05 level; **, significant at 0.01 level; t test. 
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Table 1 (continued) 
life 
stage Cultivar Sex 
Mean development Prob. of 
time (d ± SEM) > 111 
Life 
Cycle 
Sun 
Imp 
Mor 
Shd 
Slqr 
Sun 
m 
f 
m 
f 
m 
f 
m 
f 
m 
f 
m 
f 
47 
45 
49 
47 
43 
45 
45 
47 
45 
49 
47 
45 
12.6 ±0.13 
12.2 ±0.11 
31.6 ±0.31 
32.0 ±0.19 
34.0 ±0.30 
34.2 ±0.27 
31.6 ±0.27 
32.0 ±0.24 
32.1 ±0.21 
32.0 ±0.22 
32.1 ±0.21 
32.2 ±0.20 
0.03* 
0.20 
0.65 
0.22 
0.62 
0.63 
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The significant differences observed for the larval and pupal life stages 
did not carry through to the entire life cycle (Table 1). No significant 
differences were noted between male and female mean development times. 
As for the larval and pupal stages, differences between male and female life 
<ycle development times were less than 1 d. 
Development times for each sex and larval instar on each of the five 
cultivars included in the study are presented in Table 2. On the average, 
female development times tended to be slightly longer than those for males, 
but the differences were declared significant for only 3 out of 25 combinations. 
Two of these significant differences occurred during the fifth stadium, where 
development times were slightly over twice as long as compared with each of 
the preceding four stadia. 
Differences between mean head capsule diameters for each sex and 
larval instar are presented in Table 3. Measurements indicated that females 
typically had larger head capsule diameters than did males. Differences 
became more pronounced in the later instars, as exemplified by the increase 
in significant and near significant differences for the third, fourth, and fifth 
instars. Differences in head capsule diameters between the sexes were most 
often noted for the cultivars 'Shademaster,' 'Skyline,' and 'Sunburst.' No 
significant differences for sex were noted for the cultivars 'Imperial' and 
'Moraine.' All significant differences were noted for head capsules from 
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Table 2. Differences between male and female MWW immature larval 
instars with respect to mean developmental time on different 
cultivars 
Larval Mean development Prob. of 
Instar Cultivar® Sex n^ time (d ± SEM) > l t | C  
First Imp m 49 3.4 ±0.08 
f 47 3.4 ±0.07 0.53 
Mor m 43 3.6 ±0.08 
f 47 3.7 ±0.11 0.24 
Shd m 46 3.4 ±0.09 
f 47 3.3 ±0.08 0.68 
Sky m 47 3.6 ±0.09 
f 49 3.4 ±0.09 0.24 
Sun m 47 3.4 ±0.07 
f 45 3.4 ±0.07 0.70 
Second Imp m 49 2.9 ±0.07 
f 47 3.0 ±0.08 0.33 
Mor m 43 3.2 ±0.07 
f 47 3.2 ±0.08 0.65 
Shd m 46 3.0 ±0.07 
f 47 3.1 ±0.07 0.28 
Sky m 47 3.0 ±0.06 
f 49 3.1 ±0.05 0.81 
®Imp, Imperial; Mor, Morraine; Shd, Shademaster; Sky, Skyline; Sun, 
Sunburst. 
^Number of individuals completing specified stadium. 
^Probability of greater I t I for Hg: male and female means are equal; *, 
significant at 0.05 level; **, significant at 0.01 level; t test. 
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Table 2 (continued) 
life 
Cultiver Sex n 
Mean development 
time (d ± SEM) 
Prob. of 
>  I t l  
Sun m 47 3.1 ±0.07 
f 45 3.1 ±0.07 0.97 
Imp m 49 2.6 ±0.09 
f 47 2.8 ±0.08 0.03* 
Mor m 43 3.0 ±0.07 
f 47 3.3 ±0.08 0.10 
Shd m 46 2.7 ±0.08 
f 47 2.8 ±0.08 0.56 
Sky m 47 2.7 ±0.07 
f 49 2.9 ±0.06 0.22 
Sun m 47 2.8 ±0.06 
f 45 2.8 ±0.07 0.56 
Imp m 49 3.1 ±0.05 
f 47 3.2 ±0.06 0.16 
Mor m 43 3.7 ±0.13 
f 47 3.6 ±0.10 0.82 
Shd m 46 3.1 ±0.07 
f 47 3.1 ±0.06 0.97 
Sky m 47 3.1 ±0.05 
f 49 3.1 ±0.06 0.62 
Sun m 47 3.2 ±0.08 
f 45 3.3 ±0.07 0.12 
Third 
Fourth 
Table 2 (continued) 
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Life 
stage Cultivar Sex n 
Mean development 
time (d ± SEM) 
Prob. of 
> 1 11 
Imp m 49 6.9 ±0.19 
f 47 7.4 ±0.12 0.02* 
Mor m 43 7.8 ±0.18 
f 47 8.1 ±0.15 0.32 
Shd m 46 7.2 ±0.12 
f 47 7.4 ±0.11 0.36 
Sky m 47 7.0 ±0.09 
f 49 7.4 ±0.10 <0.01** 
Sun m 47 7.1 ±0.10 
f 45 7.3 ±0.10 0.08 
Fifth 
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Table 3. Recovered mean head capsule diameters of male and female MWW 
larvae reared upon different honeylocust cultivars 
Larval Mean head capsule Prob of 
instar Cultivar® Sex n^ diameter ()im ± SEM) > I t I ^ 
First 
Second 
Imp m 44 223 ±1.5 
f 43 224 ±1.5 0.57 
Mor m 40 221 ±1.4 
f 43 222 ±1.6 0.44 
Shd m 42 221 ±1.2 
f 40 224 ±1.4 0.19 
Sky m 42 222 ±1.5 
f 43 223 ±1.2 0.48 
Sun m 43 222 ±1.3 
f 42 220 ±1.4 0.47 
Imp m 45 336 ±1.8 
f 45 337 ±2.4 0.49 
Mor m 35 327 ±2.5 
f 43 329 ±2.5 0.42 
Shd m 44 341 ±4.1 
f 46 337 ±2.4 0.45 
Sky m 44: 333 ±2.5 
f 41 337 ±2.4 0.28 
Sun m 42 332 ±2.1 
f 43 335 ±1.8 0.19 
®Imp, Imperial; Mor, Morraine; Shd, Shademaster; Sky, Skyline; Sun, 
Sunburst. 
^Number of recovered head capsules. 
^Probability of greater I 11 for Hg: male and female means are equal; *, 
significant at 0.05 level; **, significant at 0.01 level; t test. 
Table 3 (continued) 
Larval 
instar Cultivar Sex n 
Mean head capsule 
diameter (p,m ± SEM) 
Prob of 
> 1 11 
Third Imp m 
f 
48 
42 
488 ±2.4 
491 ±3.8 0.57 
Mor m 
f 
40 
47 
469 ±3.3 
476 ±2.8 0.10 
Shd m 
f 
44 
46 
488 ±2.8 
494 ±3.2 0.11 
Slqr m 
f 
44 
45 
486 ±3.0 
499 ±3.0 <0.01** 
Sun m 
f 
41 
44 
485 ±2.7 
491 ±2.2 0.07 
Fourth Imp m 
f 
46 
45 
685 ±3.7 
693 ±4.0 0.14 
Mor m 
f 
40 
46 
661 ±3.6 
665 ±3.6 0.82 
Shd m 
f 
44 
47 
678 ±4.2 
689 ±3.1 0.03* 
Sky m 
f 
44 
47 
680 ±3.5 
692 ±2.9 <0.01** 
Sun m 
f 
47 
42 
684 ±2.9 
698 ±2.6 <0.01** 
Table 3 (continued) 
Larval 
instar Cultivar Sex n 
Mean head capsule 
diameter (p.m ± SEM) 
Prob of 
> 1 11 
Fifth Imp m 
f 
48 
47 
937 ±3.6 
943 ±3.5 0.24 
Mor m 
f 
26 
30 
910 ±3.6 
909 ±4.1 0.86 
Shd m 
f 
46 
47 
936 ±3.1 
836 ±3.7 0.99 
Sky m 
f 
47 
49 
935 ±3.4 
946 ±4.3 0.06 
Sun m 
f 
47 
45 
927 ±3.2 
950 ±3.8 0.08 
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third and fourth larval instars, although nearly significant differences were 
observed between male and female measurements for larvae reared on 
'Skyline' and 'Sunburst* at the 5% probability level. 
Mean pupal weights from male and female pupae obtained from larvae 
reared on the five cultivars studied are presented in Table 4. For all 
cultivars, female pupae were significantly heavier than male pupae at the 
1% probability level. Across cultivar, female pupae outweighed male pupae 
by ca. 12 ± 1.3%. 
For purposes of comparison between cultivars, the data for male and 
female populations for each cultivar were combined and averaged together, 
rather than analyzed separately. In the field, honeylocust trees are attacked 
by MWW populations as a whole, and the differences between male and 
female populations cannot be identified as such. Where differences, both 
significant and nonsignificant, were observed between male and female 
populations in the laboratory, they occurred in a similar pattern across all 
five cultivars studied. Female larvae tended to have longer mean 
development times and larger head capsule diameters than did male larvae, 
and female pupae were heavier and showed shorter development times than 
male pupae. I believe these considerations supported the pooling of male and 
female data for purposes of further analysis. 
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Table 4. Mean pupal weights of male and female MWW pupae reared on five 
different honeylocust cultivars 
Cultivar^ Sex nb 
Mean pupal 
weight (mg ± SEM) 
Prob. of 
> It r 
Imp m 49 14.68 ±0.17 
f 47 17.31 ±0.24 <0.01** 
Mor m 42 12.65 ±0.28 
f 47 13.70 ±0.26 <0.01** 
Shd m 46 14.22 ±0.32 
f 47 16.57 ±0.28 <0.01** 
Sky m 47 14.15 ±0.24 
f 49 15.98 ±0.33 <0.01** 
Sun m 45 14.23 ±0.22 
f 17 16.43 ±0.31 <0.01** 
®Imp, Imperial; Mor, Moraine; Shd, Shademaster; Sky, Skyline; Sun, 
Sunburst. 
^Number of successful pupations. 
^Probability of greater 11 I for Hg: male and female means are equal; 
*, significant at 0.05 level; **, significant at 0.01 level; t test. 
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Mean development times for each larval stadium observed on the five 
honeylocust cultivars are presented in Table 5. Larvae reared on the cultivar 
'Moraine' displayed the longest development times for each larval stadium. 
Analysis of variance (ANOVA) procedures detected significant differences in 
development time between cultivars for the second stadium (F = 3.38; df = 
4,12; P < 0.05), fourth stadium (F = 3.56; df = 4,12; P < 0.05), and the fifth 
stadium (F = 3.30; df = 4,12; P < 0.05). When Tukeys honestly significant 
difference (HSD) procedure (PROC GLM, TUKEY option, SAS Institute 
1985a, b) was applied to these data for multiple comparison purposes, 
however, significant differences were identified for only the second stadium, 
where larvae reared on 'Moraine' foliage required a significantly longer 
period to develop than did those reared on 'Imperial' foliage (Table 5). 
Tukey's HSD procedure is conservative, and will not declare significant 
differences as often as will such commonly used procedures as Duncan's 
multiple range test and Fisher's least significant difference procedure (Jones 
1984, Mize and Schultz 1985). Tukey's HSD procedure was selected because of 
its conservative nature, its control over the experimentwise error rate, and 
its suitability for experiments with unequal cell sizes (SAS Institute 1985a, b). 
The only other study that reported developmental times for the 
individual larval instars of the MWW was that of McManus (1962a). He 
reported mean development times of 3.7, 4.2, 5.4, 4.5, and 7.8 d for instars one 
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Table 5. Mean development times of MWW larvae for each larval stadium 
when reared on five different honeylocust cultivars 
Mean instar development time (n)^ (d ± SEM)^ 
Cul-
tivar^ First Second Third Fourth Fifth 
Mor (98) 3.7 ± 0.07a (98) 3.2 ± 0.06a (96) 3.2 ± 0.05a (96) 3.7 ± 0.08a (94) 8.0 ± 0,11a 
Sky (99)3.5±0.06a (99)3.1±.04ab (98)2.8±0.05a (98)3.1 ±0.04a (97)7.2±0.07a 
Sun (98) 3.4 ± 0.05a (97) 3.1 ± 0.05ab (95) 2.8 ± 0.05a (95) 3.3 ± 0.05a (92) 7.2 ± 0.07a 
Shd (100) 3.4 ± 0.07a (99) 3.1 ± 0.05ab (94) 2.8 ± 0.06a (93) 3.1 ± 0.05a (93) 7.3 ± 0.08a 
Imp (98) 3.4 ± 0.05a (98) 2.9 ± 0.05b (98) 2.7 ± 0.06a (97) 3.1 ± 0.04a (96) 7.2 ± 0.11a 
^Number of individuals completing indicated larval stadium. 
^Means in same column followed by the same letter are not 
significantly different (P ^ 0.05; Tukey's test; [SAS Institute 1985a, b]). 
3lmp, Imperial; Mor, Moraine; Shd, Shademaster; Sky, Skyline; Sun, 
Sunburst. 
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through five, respectively. These values were longer than those observed in 
this study. McManus, however, did not specify under what temperatures his 
values were obtained. He only stated that "every care was taken to keep the 
laboratory conditions in close proximity to the field conditions." In addition, 
his values were based on very few individuals; 10 or less for each larval 
stadium. 
The mean development times fi-om Table 5 compare favorably to the 
mean times presented in Table 7 of Part I. Mean times obtained in this study 
were intermediate to those observed at 19 and 24°C in Part I. because the 
rearing regime used in this study (26:20®C [L:D]) was intermediate to those 
temperatures. 
Mean instar head capsule diameters of larvae reared on each cultivar 
are presented in Table 6. ANOVA procedures detected no significant 
differences between cultivar means for first instar larvae (F = 0.73; df = 4,12; 
P ^ 0.05), but did identify significant differences for second through fifth 
instar larvae (second instar: F = 3.34; df = 4,12; P < 0.05, third instar: F = 
4.40; df = 4,12; P < 0.05, fourth instar: F = 10.41; df = 4,12; P < 0.05, fifth instar: 
F = 5.66; df = 4,12; P < 0.05). This was not unexpected, because first instar 
head capsule diameters would be dependent upon the amount of yolk present 
in the egg, rather than upon the larval food source. For each instar except 
the first, larvae reared on 'Moraine' foliage showed smaller head capsules 
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Table 6. Mean instar head capsule diameters for MWW larvae reared on 
five different honeylocust cultivars 
Mean instar head capsule diameter (n)^ ((xm ± SEM)^ 
tivar3 First Second Third Fourth Fifth 
Sky (88) 223 ± 0.9a (87) 335 ± 1.7a (91) 492 ± 2.2a (93) 686 ± 2.3a (98) 941 +2.8a 
Shd (88) 222 ± 0.9a (95)339±2.3ab (91) 491 ± 2.1a (91) 684 ± 2.6a (93) 936 ± 2.4a 
Sun (91) 221 ± 0.9a (90)333±1.3ab (89)488±1.7ab (92) 691 ± 2.0a (94) 938 ± 2.7a 
Imp (89) 223 ± 1.0a (92)336±1.5ab (92)489 ±2.6ab (92) 689 ± 2.7a (96) 941 +2.5a 
Mor (90) 222 ± 1.0a (84) 327 ± 1.8b (93) 472 ± 2.2b (92) 662 ± 2.7b (93) 909 +2.7b 
^Number of individuals completing indicated larval stadium. 
^Means in same column followed by the same letter are not 
significantly different (P ^  0.05; Tukey's test; [SAS Institute 1985a, b]). 
3lmp, Imperial; Mor, Moraine; Shd, Shademaster; Sky, Skyline; Sun, 
Sunburst. 
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than larvae reared on the other four cultivars. Head capsules of second 
instar larvae reared on "Moraine' foliage were significantly smaller only 
when compared with larvae reared on 'Shademaster* foliage. 'Moraine'-fed, 
third instar larvae had significantly smaller head capsules than larvae 
reared on either 'Shademaster' or 'Skyline' foliage. Fourth and fifth instar 
larvae continued this trend, with "Moraine'-fed larvae having significantly 
smaller head capsule diameters than larvae fed on any of the other four 
cultivars. 
McManus (1962a) reported mean instar head capsule diameters of 219, 
327,492, 686, and 1,044 ^im for instars 1-5, respectively. These values were 
similar to those found in this study for first-fourth instar larvae, but were 
slightly greater than those observed in this study for fifth instar larvae. 
Mean larval development times for larvae reared on the five cultivars 
are presented in Table 7. Cultivar had a significant effect on larval 
development time (F = 5.7; df = 4,12; P < 0.05; ANOVA). Larvae reared on 
'Moraine' foliage required significantly longer to complete larval 
development than did larvae reared on any of the other four cultivars The 
difference between larval development times on 'Moraine' foliage versus the 
other cultivars, although significant, was small, with only an additional 1-2 
d required for larvae to complete development on 'Moraine' foliage. 
McManus (1962a) reported an average larval development period of 25.6 
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Table 7. Mean development times for MWW larvae reared on five 
honeylocust cultivars 
Mean development 
Cultivar n^ time (d ± SEM)^ 
Moraine 89 21.7 ± 0.19a 
Sunburst 92 19.7 ± 0.11b 
Skyline 96 19.7 ± 0.12b 
Shademaster 98 19.6 ± 0.15b 
Imperial 96 19.4 ± 0.16b 
^Number of larvae reaching pupation. 
^Means followed by the same letter are not significantly different (P > 
0.05; Tuke/s test; [SAS Institute 1985a,b]). 
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d., once again with no rearing temperature designated. As with the values 
observed for mean time of development for the individual larval instars, the 
observed mean development times for the entire larval life stage in this study 
were shorter than those reported by McManus. The figures for mean larval 
development time in Table 7 compare favorable to those in Table 6 of Part I, 
being intermediate to the values reported for 19 and 24''C. 
No significant differences were observed between mean development 
times for pupae obtained firom larvae reared on any of the five honeylocust 
cultivars (F = 0.71; df = 4,12; P S 0.05; ANOVA). These values are presented 
in Table 8. Compared with the mean pupal development times obtained in 
Part I (Table 6), the values recorded for this study were slightly longer than 
those recorded at 24°C. McManus (1962a) reported that pupal development 
times of 25 pupae ranged firom 5-11 d, with an average of 8.5 d. The 
temperatures at which these values were obtained was not reported. 
Approximately 34 d were required to complete the entire life cycle (egg 
hatch to adult emergence) on 'Moraine' foliage, roughly 2 d longer than on 
the other four cultivars (Table 9). This 2 d interval was large enough to be 
declared statistically significant (P = 5.02; df = 4,12; P < 0.05; ANOVA). 
Mean weights recorded firom pupae obtained firom larvae reared on 
each of the five honeylocust cultivars are presented in Table 10. Pupal 
weights were influenced by rearing cultivar (F = 9.82; df = 4,12; P < 0.05; 
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Table 8. Mean development times for MWW pupae obtained from larvae 
reared on five honeylocust cultivars 
Cultivar nl 
Mean development 
time(d±SEM)2 
Moraine 88 12.5 ± 0.09a 
Imperial 96 12.5 ± 0.08a 
Sunburst 92 12.4 ± 0.09a 
Skyline 94 12.3 ± 0.09a 
Shademaster 92 12.2 ± 0.09a 
^Number of successful pupations. 
^Means followed by the same letter are not significantly different (P > 
0.05; Tukey's test; [SAS Institute 1985a, b]). 
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Table 9. Mean times required for completion of the entire life cycle when 
reared on five different honeylocust cultivars 
Mean development 
Cultivar n^ time(d±SEM)2 
Moraine 88 34.1 ± 0.20a 
Sunburst 92 32.2±0.15ab 
Skyline 32.0 ± 0.15b 
Imperial 96 31.8 ± 0.19b 
Shademaster 92 31.8 ± 0.18b 
^Number of individuals completing life cycle. 
^Means followed by the same letter are not significantly different (P > 
0.05; Tuke/s test; [SAS Institute 1985a, b]). 
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Table 10. Mean weights for MWW pupae obtained from larvae reared on five 
honeylocust cultivars 
Cultivar n^ 
Mean pupal 
weight (mg ± SEM)^ 
Imperial 96 15.96 ± 0.20a 
Shademaster 98 15.41 ± 0.24a 
Sunburst 92 15.31 +0.22a 
Skyline 96 15.08 ± 0.23a 
Moraine 89 13.21 ± 0.20b 
^Number of successful pupations. 
^Means followed by the same letter are not significantly different (P > 
0.05; Tuke/s test; [SAS Institute 1985a, b]). 
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ANOVA), with pupae obtained from larvae reared on 'Moraine' foliage 
having significantly lower weights (ca. 12%) than pupae obtained from larvae 
reared on 'Shademaster/ 'Imperial/ 'Sunburst/ and 'Skyline' foliage. This 
situation was not unexpected, because head capsule diameters of larvae 
reared on 'Moraine' foliage were significantly smaller than those of larvae 
reared on the other cultivars (Table 6). Smaller head capsule diameters were 
indicative of smaller larval size which, in turn, would result in lower pupal 
weights. 
Fecundity data are presented in Table 11. Significant differences were 
identified between honeylocust cultivars used as larval diets with respect to 
the number of eggs oviposited (P = 9.20; df = 4,12; P < 0.05; ANOVA), but not 
for the number retained in the body of the female and recovered by dissection 
(F = 0.02; df = 4,12; P > 0.05; ANOVA). Significant differences also existed 
between means for the total number of eggs collected (oviposited plus 
retained) (F = 9.67; df = 4,12; P < 0.05). Adult females reared on 'Moraine' 
foliage oviposited significantly fewer eggs than did adults reared on foliage of 
the other four cultivars. Egg production by 'Moraine' reared adults was only 
ca. 56% of the number produced by adults reared on the remaining cultivars. 
The greatest number of eggs oviposited by any single female in the study 
was 224. McManus (1962a) reported an average of 66.1 eggs oviposited by 11 
females, with 155 eggs oviposited as a maximum. North (1981) reported that 
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Table 11. Number of oviposited and retained eggs recovered from MWW 
females reared on five different honeylocust cultivars 10 days 
following adult eclosion 
Egg number (mean ± SEM)^ 
Cultivar n2 Oviposited^ Retained^ Total 
Imperial 47 111.2 ± 8.0a 11.5 ± 2.7a 122.7 ± 6.4a 
Shademaster 47 104.8 ± 8.6a 11.0 ± 2.4a 115.8 +7.1a 
Sunburst 45 100.5 ± 7.2a 12.3 ± 3.0a 112.8 ± 6.0a 
Skyline 50 96.6 ± 8.1a 11.3 ± 2.9a 107.9 ± 6.4a 
Moraine 45 52.8 ± 4.2b 11.7 ± 1.9a 64.5 ± 3.8b 
^Means in columns followed by same letter are not significantly 
different (P ^  0.05; Tuke^s test; [SAS Institute 1985a, b]). 
^Number of females. 
®Mean number of eggs oviposited by female moths over a 10 day period 
following adult eclosion. 
^Mean number of eggs recovered by dissection from female moths 10 
days after adult eclosion. 
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149 females oviposited an average of 23.9 ± 10.9 eggs per female, with a range 
of 1-68 eggs when honeylocust foliage alone was used as a substrate When 
larval webbing was used as a substrate, 50 female oviposited an average of 
39.9 ± 16.1 eggs, with a range of 6-123. Robertson (1971) reported a female 
ovipositing 69 eggs, and Wester and St. George (1947) reported a female 
ovipositing 60 eggs. 
Larval head capsule diameters (Table 6), pupal weights (Table 10), and 
fecundity levels (Table 11) observed in Part H were greater than those 
recorded in Part I (Tables 8, 9, and 10, respectively). In Part I, larvae were 
reared on seedling honeylocust foliage and under constant temperature 
regimes. In Part H, the larvae were reared on foliage from named cultivars 
and a variable temperature regime. The foliage obtained from the named 
cultivars appeared more lush than the seedling foliage, with the leaves and 
leaflets larger and thicker in cross-section. This was not unusual, 
considering that the clonal foliage was collected from trees 1-2 m tall and 
2-3 yr old, as compared with the seedling foliage which was collected from 
trees less than 0.7 m tall and only 4-6 mo old. It has been suggested that 
single nutritional components may be responsible for observed differences in 
various developmental parameters among lepidopterous species. Foliar 
nitrogen (Soo Hoo and Fraenkel 1966, Slansky and Feeny 1977) and water 
content (Scriber 1977) are usually considered to be most important. It is likely 
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that the clonal foliage proved more nutritional than the seedling foliage. 
Differences in primary and secondaiy plant metabolites as discussed by 
Peacock and Fisk (1970) may also have been partly responsible. The 
combination of a better nutritional condition of the larval diet and more 
favorable rearing regime undoubtedly contributed to the more robust 
individuals observed in Part II. 
Survivorship was not significantly affected by which honeylocust clone 
was used as a larval food source (Table 12). No significant differences were 
observed in percent mortality among any of the clones included in the study 
(%2 = 4.63; df = 4; P ^ 0.05). The lowest mortality, 4%, was observed among 
individuals reared on 'Imperial' foliage; the highest, 12%, among those 
reared on 'Moraine' foliage. 
In the literature, 'Sunburst' has been described as the most susceptible 
cultivar, and 'Moraine' as the most resistant (McManus 1962a, Schuder 
1976, Zewadski 1976, Craig 1977, Dirr 1983). Results of this study support the 
latter part of this statement, but not the first. MWW larvae fed 'Moraine' 
foliage had significantly longer development times and smaller head capsule 
diameters than larvae fiimished 'Imperial,' 'Shademaster,' 'Skyline,' or 
'Sunburst' foliage. Pupae obtained fi*om 'Moraine'-fed larvae were smaller, 
and the ensuing adults had significantly lower fecundities. These 
observations suggest that the cultivar 'Moraine' does exhibit a degree of 
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Table 12. MWW mortality during the entire life cycle (egg hatch to adult 
emergence) as affected by honeylocust cultivar used as a larval 
food source 
Initial Final % 
Cultivar no. no. mortality^ 
Imperial 100 96 4 
Moraine 100 88 12 
Shademaster 100 92 8 
Skyline 100 94: 6 
Sunburst 100 92 8 
®No significant differences observed; (%2 = 4.63; df = 4; P > 0.05). 
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resistance to MWW feeding activity. 
Unfortunately, these encouraging results must be tempered with 
reality. The increase in development time from the time of egg hatch to adult 
emergence was only ca. 2 days (ca. 6% increase). Fifth instar head capsule 
diameters were only ca. 30 ^m smaller (ca. 3% decrease). The effect on pupal 
weight was greater, as pupae obtained from 'Moraine' reared larvae weighed 
ca. 2 mg (ca. 12%) less than those of the other cultivars. These observations, 
although statistically significant, may not be great enough to be considered 
"biologically significant" by urban pest managers. 
Rearing MWW larvae on 'Moraine' foliage appeared to have the 
greatest effect on fecundity of the adult females. Approximately 50 fewer 
eggs (ca. 44% fewer) were produced by females reared on 'Moraine' foliage. 
This reduction in fecundity was undoubtedly associated with the 
corresponding decrease in pupal weights observed for this cultivar. 
Although rearing MWW larvae on 'Moraine' foliage had a small, but 
significant effect on several developmental parameters, overall mortality was 
not affected. Mortality among "Moraine' reared individuals was higher than 
for the other cultivars, but the differences were not great enough to be 
declared statistically significant. MWW larvae readily fed on 'Moraine' 
foliage, and I could not visually detect a difference in the amount of foliage 
consumed or the amount of webbing produced compared with larvae that fed 
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on any of the other cultivars. In the landscape, large MWW populations can 
result in high defoliation rates on honeylocust trees, regardless of cultivar; 
an observation duly noted in the literature (Schuder 1976). 
Concerning the observed resistance of the cultivar 'Moraine,' while it is 
true that an antibiotic effect did exist, it appeared that it is not strong or 
uniform enough to be decisively relied upon to prevent or significantly reduce 
injury due to larval feeding activity. The observed reduction in fecundity, 
however, may prove more useful. 
MWW adults are considered to be weak fliers (North 1981), and do not 
appear to move large distances from the point of pupation (Hart et al. 1986) 
Consequently, dispersal through the urban environment may be slow, with 
successive generations likely to reinfest the same trees fed upon by their 
parents. 'Moraine' trees isolated from other cultivars could potentially have 
lower infestation rates compared with other cultivars simply due to the 
smaller progeny counts. If, however, trees of different cultivars were located 
in close proximity to each other, this potential benefit would be lost, as the 
adult moths could move between existing tree quite easily. 
The MWW, unfortunately, is not the only insect pest of honeylocust in 
urbanized areas. Defoliation caused by feeding of the honeylocust plant bug, 
Diaphnocoris chlorionis (Say), can be severe enough to warrant concern. 
The cultivar 'Moraine' has been identified as more susceptible to honeylocust 
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plant bug injury than the cultivars 'Sunburst' and 'Imperial' (Herms et al. 
1987). Therefore, recommendation of the cultivar 'Moraine' in a given area 
should be preceded by the assessment and identification of the major 
honeylocust pests present. 
The honeylocust cultivar 'Sunburst' has been identified in the literature 
as more susceptible to MWW damage than other cultivars. The results of 
this study indicated that 'Sunburst' foliage, when used as a larval food 
source, did not result in any significant differences with regard to mortality, 
adult fecundity, larval development time or head capsule diameter, pupal 
development time or body weight as compared with any other cultivar (except 
'Moraine'). This differs from the observations of McManus (1962a), who 
observed shorter development times among MWW larvae infesting 
'Sunburst' honeylocust trees. 
Antibiotic effects, however, are not the only means by which host-plant 
resistance can manifest itself. Antixenotic effects can also play an important 
role. North (1981) tested female MWW ovipositional preferences between 
cultivars with multiple choice tests, although he only worked with two 
cultivars, 'Sunburst' and 'Shademaster.' He observed that in the absence of 
larval webbing, more eggs were laid on 'Sunburst' foliage, but the differences 
were not statistically significant. Once larval webbing was present, however, 
females preferred to oviposit on the webbing, regardless of the cultivar. 
North and Hart (1983) speculated that the increased susceptibility associated 
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with 'Sunburst' could be due to preference of that cultivar by ovipositing 
female moths in the absence of any larval webbing. Once any eggs present 
had hatched and the larvae begun to feed, females would prefer to oviposit at 
these sites regardless of cultivar. This would result in a damage bias toward 
the site of the initial infestation. 
This hypothesis is supported by results of this study. The commonly 
reported susceptibility of the cultivar 'Sunburst' does not appear to be due to 
antibiotic effects through larval feeding. Additionally, the antibiotic effect of 
"Moraine' , although present, appears somewhat marginal. In both cases, 
resistance or susceptibility in the absence of larval webbing could be 
determined by preference for, or against, the given cultivar by ovipositing 
females. Nevertheless, once webbing was present, clonal differences would 
have little bearing on subsequent ovipositional activities. 
McManus (1962a) noted that MWW larvae were able to maintain 
populations on artificially infested 'Moraine' trees, but usually did not 
naturally reinfest them the following generation. This agrees with the 
results firom this study, in that MWW larvae can readily complete their life 
cycle on 'Moraine' foliage. The observation that these same trees were not 
reinfested, supports the hypothesis of ovipositional selection preferences by 
the adult females. 
Future work should investigate cultivar preferences of gravid MWW 
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females for purposes of oviposition. Such studies are needed to further define 
the effects honeylocust cultivars impart upon MWW populations in 
urbanized situations. When available, host-plant resistance is one of the 
most easily implemented tactics of an IPM system. Such basic information 
is critical if IPM systems are to continue to be developed and applied in these 
urbanized areas. 
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PART m PARASITISM OP THE MIMOSA WEBWORM BY ELASMUS 
ALBIZZIAE (HYMENOPTERA: EULOPHIDAE) IN AN URBAN 
FOREST 
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INTRODUCTION 
Biological control has been defined by DeBach (1964) as "The action of 
natural enemies (predators, parasitoids, pathogens, herbivores) which 
maintain another organism's density at a lower average density than would 
occur in their absence." Biological control has been employed as a 
management technique primarily in association with agroecosystems 
(including forest and orchard systems) (Flanders 1986). The use of biological 
control tactics in urban forests has received little direct attention, and many 
of the investigations under urbanized conditions stemmed from programs 
initiated in agronomic areas (Clausen 1978). Although biological control 
programs directed against urban shade tree pests have been few, several 
studies have demonstrated at least partial regulation of pest problems 
utilizing biological control tactics (DeBach et al. 1971, Clausen 1978, Scriven 
and Luck 1978, Dahlsten et al. 1986). In fact, it has been suggested that most 
arthropods in urbanized environments are maintained at low densities by 
indigenous natural enemies (Hagen et al. 1971, DeBach 1974). 
The potential for biological control of shade tree pests in urbanized 
areas has been addressed several times in the last decade (Olkowski et al. 
1978, National Research Council 1980, Flanders 1986). These articles 
stressed the ecological differences between urban and agroeconomic 
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environments. The authors suggest that biological control methods 
developed for agriculture may require modification to be useful in urbanized 
environments. For example, urban programs may have to rely more on 
natural enemy conservation strategies as opposed to the more conventional 
practices of importation or inundative release of natural enemies. 
Cultivars of thomless honeylocust, Gleditsia triacanthos L. var 
inermis, have been widely planted in urbanized environments in the United 
States, often as a replacement for the American elm. The honeylocust is a 
desirable tree firom a horticultural standpoint because it grows rapidly, has 
attractive form and foliage, is tolerant of drought and poor soils, is easily 
propagated, and is readily transplantable (Dirr 1983). 
The mimosa webworm, Homadaula anisocentra Meyrick 
(Lepidoptera: Plutellidae), can be a serious pest of honeylocust in urbanized 
areas. Olkowski et al. (1978) listed this pest as one of the major shade tree 
insect problems in the United States. Common to much of the urban 
planting range of honeylocust, mimosa webworm (MWW) larvae feed on the 
honeylocust leaves, webbing them together as they do so. The windowpaned 
leaves desiccate and turn brown, giving the tree a scorched, unsightly 
appearance. Although seldom causing death directly, severe or repeated 
defoliations undoubtedly serve as an additional source of stress for the plant, 
as with other tree species (Houston 1973,1985). 
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Tree location (Hart et al. 1986), winter temperatures (Miller & Hart 
1987), and host-plant resistance (McManus 1962a) are three factors that may 
influence local MWW populations. Mortality caused by fortuitous biological 
parasites may also have an influence. Superficial sampling of MWW 
populations in Ames, Iowa, during the summer of 1984 showed moderate to 
high levels of parasitism among first generation MWW prepupae. The 
principal parasitoid responsible for this parasitism had been previously 
identified as Elasmus albizziae Burks (Hymenoptera: Eulophidae), a known 
parasitoid of the MWW that had not been recorded as a parasitoid of any 
other insect (Burks 1965). 
E. albizziae was one of nine insect species reported in the literature as 
parasites of the MWW (Krombein et al. 1979, Miller et al. 1987). In central 
Iowa, only E. albizziae and Parania geniculata (Holmgren) (Hymenoptera: 
Ichneumonidae) have been reared firom overwintering MWW pupae (Miller 
et al. 1987). Second generation parasitism over the duration of a three year 
study conducted by Miller et al. (1987) ranged firom 2.1 to 3.9%. 
Approximately 57% of the parasitism was due to E. albizziae. 
E. albizziae was first collected in 1960 (Burks 1965) when it was 
discovered attacking the MWW in New Jersey. Burks theorized that it had 
been introduced firom the Orient, as it was unlike any North American 
species, but resembled several Asian species in color and structure. By 1965, 
it had been collected firom Ohio, Illinois, and Maryland. All available 
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specimens had been reared from MWW immatures. At the time of 
description, no males were known. 
E. albizziae was referenced again in a paper describing a new species 
of Elasmus that attacked Polistes wasps (Burks 1971). Characteristics 
useful for distinguishing E. albizziae from the new Elasmus species were 
described in the article. Burks mentioned that E. albizziae was 
parthenogenetic and that males were extremely rare. A single male had 
been recovered in 1967, but as of 1971, Burks had "seen thousands of females, 
but only nine males." Almost all of the reared series he had seen were 
exclusively female. The records of Miller et al. (1987) supported Burk's 
observations, in that only one male was recovered out of 2,907 E. albizziae 
adults reared from overwintering MWW cocoons collected from central Iowa. 
Scant life history information of E. albizziae has been published. 
Miller et al. (1987) reported ihatE. albizziae parasitized overwintering 
MWW prepupae after the larvae located suitable overwintering sites, but 
before pupation actually occurred. Parasitized MWW prepupae did not 
pupate. E. albizziae pupae were observed within the host cocoon about 21 
days following cocoon formation. Emergence from the overwintering MWW 
cocoons by E. albizziae was about 18 days before normal adult MWW 
emergence. 
Approximately 10 E. albizziae adults have been reported to emerge 
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from each parasitized MWW cocoon (Miller 1984). Only the MWW larval 
head capsule was found within the host cocoon following emergence of the 
parasites. He also noted that the parasitism appeared scattered, with many 
unparasitized cocoons located adjacent to parasitized ones. 
To assess the potential effectiveness o f E .  a l b i z z i a e  in a MWW pest 
management program, a study was initiated in 1985 to determine the 
percentage of first generation MWW prepupae killed by the parasitoid in 
Ames, Iowa. The distribution of the parasitoid across the city was also of 
interest. Was the insect present in all areas of the city, or was it restricted 
only to certain areas? 
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MATERIAL AND METHODS 
To obtain an estimate of the distribution and amount of parasitism 
caused by E albizzicie among first generation MWW prepupae, a stratified 
random sampling plan was developed for the city of Ames, Iowa. A stratified 
random sampling plan was chosen because it allowed the random selection 
of sample trees, and resulted in relatively even distribution of the sample 
trees throughout the survey area. Also, for a given sampling intensity, 
stratification will often yield more precise parameter estimation than would 
simple random sampling (Husch et al. 1982). Samples of honeylocust foliage 
with active MWW infestations were collected from the sample trees and 
screened for MWW cocoons that had been parasitized by E. albizziae. 
The city of Ames, Iowa, was divided into eight residential sections, 
hereafter referred to as zones 1-8 (Figure 1) Eight zones were used only 
because the city adequately lent itself to this number. No attempt was made 
to standardize zones with respect to area, real estate age or value, or 
population. Zone definition was not based on a set of rigid criteria. The 
criteria used to define zone boundaries included natural geographical 
features such as valleys, separation of residential areas by industrial or 
agricultural areas, and major man-made structures such as railways or 
highways. All of the zones were primarily residential, but most included 
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Figure 1. Map of the city of Ames, Iowa, illustrating the geographical zone 
layout used for the parasitism evaluation study 
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some commercial sections as well. 
Each zone was subdivided in to 10 subzones (strata). Where the zones 
were fairly rectangular in shape, subzones were defined by first splitting 
each zone into two subsections with a line located through the center of the 
zone firom north to south. Next, four evenly spaced, east-west lines were 
drawn through each zone, resulting in 10 subzones in a 2 by 5 matrix (Figure 
2). Where the zones were irregular in shape, the subzones were defined by 
dividing the zone into 10 similarly sized subzones through the use of 
interlocking lines as needed (Figure 3). Each subzone within a single zone 
was roughly similar in area, although the subzone area between separate 
zones could be quite different. 
A single honeylocust tree was selected as a sample tree within each 
subzone. This resulted in 10 sample trees spaced fairly evenly throughout 
each zone, with 80 sample trees total for all 8 zones across the city. The 
sample trees were randomly selected by using the following technique. 
All zones and subzones were drawn in place on scale maps of the city. 
The north and west map borders of each subzone were divided into 100 evenly 
spaced grid points based on the length of the map boundary. For each 
subzone, a north and west grid point was randomly selected by using the 
random number generation program of a Texas Instruments Model TI-95 
hand calculator. After the north and west grid points were selected. 
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north-south and east-west grid lines were drawn across each subzone. The 
point where the grid lines intersected became the starting coordinate for the 
search for the sample tree for that subzone. 
After the starting coordinates for each subzone had been determined 
and mapped, the search for suitable sample trees began. In each subzone, 
the previously determined starting coordinate was located in the landscape. 
From that coordinate, the nearest, suitable honeylocust tree was selected as 
the sample tree for that subzone. Suitability was determined based on two 
factors. First, the tree had to be located within easy access of the street. 
Trees located in private backyards or within fenced in areas were deemed 
unacceptable because of potential problems with invasion of privacy. Second, 
the tree had to have a branching pattern that allowed easy sampling from the 
ground by using hand clippers or a 3.6 m, extension pole pruner. Trees with 
limbs that would not allow sampling in this manner were also judged 
unacceptable. On three occasions, a suitable sample tree could not be located 
within the subzone boundaries. As a result, zones 2, 3, and 8 contained only 
nine subzones, rather than the desired 10. 
If a proposed sample tree was located on private property, permission 
was sought from the property owner to include the tree in the survey. If the 
property owner could not be contacted in person, a note that explained the 
purpose of the survey was left at the property site. The note included a phone 
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Figure 2. Diagram illustrating a typical subzone layout when the 
geographical zone was rectangular in shape 
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Figure 3. Diagram illustrating a typical subzone layout when the 
geographical zone was irregular in shape 
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number the property owner could call if he or she did not want their trees 
sampled. Permission to sample was granted in every case. 
After all the sample trees had been selected, measurements were 
collected firom each tree. Diameter at breast height (dbh) was measured at 
1.3 m above the ground (Ek 1982) with a steel d-tape. Canopy diameter and 
distances of both the tree's trunk and dripline from the nearest heated object 
in the landscape were also recorded. 
Three surveys were taken each growing season during 1985, 1986, and 
1987. The first survey took place shortly after the first generation MWW 
larvae began to pupate on the honeylocust foliage. The second survey was 
taken 8-12 days following the first. The third survey was taken 10-16 days 
following the third. In this way, the entire period of first generation pupation 
was covered. By the time the last survey of each year was completed, almost 
all of the first generation MWW larvae had pupated. 
In 1985 and 1986, the first survey was conducted during the last week of 
July. Warm local weather conditions during June and July of 1987 resulted 
in the first survey being conducted during the third week of July. 
The sampling procedure used for each survey was the same each year. 
A maximum of three sample trees (subzones) out of the 10 possible fi-om each 
zone were sampled during each survey. Therefore, a maximum of 24 trees 
(eight zones, three trees per zone) were sampled during each survey. The 
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determination of which sample trees would be sampled was made before 
each survey began. 
Each subzone within each zone was assigned a number from 1-10 
(Figs. 2 and 3). Three trees (subzones) were randomly selected for sampling 
from each of the 10 zones before the survey began. During sampling, each of 
the three trees was visited and a visual determination made as to whether or 
not an adequate number of suitable samples could be collected from that tree. 
A suitable sample was defined as a lateral branch terminal with an active 
MWW infestation. If it was determined that a suitable set of samples could 
be taken, the samples were collected as will be described below. If it was 
determined that a suitable group of samples could not be collected from one 
or more of the three trees originally selected for sampling, trees were 
randomly selected from the remaining seven subzones until either three 
trees within each zone had been sampled, or the entire set of 10 sample trees 
in each zone had been visited. This meant that for a given zone, 0-3 trees out 
of the 10 possible could have been sampled. 
During 1985 and 1986, if three trees within each zone could not be 
sampled, sampling within that zone was concluded. No attempt was made to 
find other trees to serve as sample trees that had not been designated as such 
from the beginning of the program. During 1987, however, the number of 
trees with MWW infestations was very low. As a result, many of the original 
176 
sample trees were not infested and suitable foliage samples were not present. 
So that a representative number of samples could be collected, trees with 
active MWW infestations were substituted for the original sample trees if 
necessary. Such substitutions were performed seven times: once for zones 1, 
2 and 5, and twice for zones 7 and 8. When one of the original sample trees 
was replaced, the infested tree substituted was from the same subzone. The 
substitution of one sample tree for another was deemed to have little, if any, 
confounding effect on either the sampling plan or the statistical analysis. 
For each tree deemed suitable for sampling, four foliage samples were 
usually collected. Two samples were collected from the lower portion of the 
canopy, and two samples were collected from higher portions of the canopy. 
"High" and "low" were defined based on the reach of a standard, 1.8 m, 
extendible pole pruner (Figure 4). "Low" samples were those that could be 
collected from the ground with the pole pruner in its collapsed position at 
arms length (ca. 3.5 m high or less). "High" samples were those that could 
not be collected from the ground with the pruner in its collapsed position, but 
could be collected with the pruner in its fully extended position (ca. 3.5-5.5 
m). 
At least two samples were collected from each tree. If only one sample 
could be collected from a tree, that tree was not sampled and I then proceeded 
to the next tree (subzone) in the zone designated to be sampled. In most 
cases, however, four samples were collected from each tree. If only two or 
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Figure 4. Diagram illustrating the two height levels sampled when foliage 
samples were collected 
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three samples could be collected, no more than two of the samples were taken 
from the same height (high or low). 
The foliage samples collected consisted of a lateral branch terminal 
together with its attached foliage. Only branch terminals which showed 
signs of an active MWW infestation, as indicated by the presence of larval 
webbing, were collected. Thus, if a tree had no MWW activity present, it was 
not sampled. The sampling universe consisted only of branches which were, 
or had been, actively infested with MWW larvae. 
The portion of the tree canopy from which the samples were collected 
was randomly determined before the survey began. As viewed from above, 
the tree canopy was divided into octants, numbered from 1-8, based on the 
four cardinal directions (Figure 5). If possible, four foliage samples, two 
high and two low, were collected from each tree sampled. Within each 
height, two different octants were randomly selected for sample collection. 
An octant was not duplicated within a height on a single tree, but could have 
been duplicated between heights. That is, two high samples would not be 
collected from octant 6, but one high and one low sample could have been 
collected from octant 6. 
If a tree was judged suitable for sampling, the two lower samples were 
collected first. The foliage of the octant randomly selected for the first low 
sample was inspected for MWW damage and a representative branch 
179 
N 
Figure 5. Diagram illustrating the arrangement of the octants within the 
sample tree canopy 
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terminal from that octant was removed. If no damage in the octant was 
encountered, the next octant in a clockwise direction was searched. This 
process was repeated until a suitable sample was found and collected, or 
until all the octants were inspected. This procedure was then repeated for 
the second low sample to be collected. Once both low samples had been 
collected, the same procedure was repeated for the two high samples. 
After the foliage samples had been removed from the trees, they were 
individually placed in 31 by 41 by 61 cm plastic bags. The bags were labeled 
with the zone, subzone, height and octant from which the sample had been 
taken. The bags were tied with rubber bands and returned to the laboratory. 
During processing, the sample branch terminals were removed from 
the bags and the twig length of the previous and current season's growth was 
measured and recorded. Any infested honeylocust foliage was searched for 
first generation MWW cocoons. When a cocoon was located, it was removed 
from the foliage and inspected. Inspection involved gently pulling the cocoon 
apart just enough to identify its contents. 
The contents of an individual cocoon were assigned to one of four 
categories: 1. a MWW prepupa, 2. a MWW pupa, 3. a parasitized MWW 
prepupa, or 4. an empty MWW pupal case (from which an adult MWW had 
emerged). For the contents of a cocoon to be classified as parasitized, one of 
three situations had to exist: 1. E. albizziae larvae were present, 2. E. 
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albizziae pupae were present, or 3. empty E. albizziae pupal cases were 
present. MWW prepupae or pupae that had died of unknown causes were 
infrequently encountered and were not included in estimates of percent 
parasitism. Parasitism percentages of first generation MWW prepupae for 
each variable (sample, survey, year, etc.) were calculated by dividing the 
number of parasitized cocoons (parasitoid standing crop) by the total number 
of cocoons collected (host standing crop) for that variable and multiplying by 
100 as indicated by Equation 1 (Van Driesche 1983). 
No. of parasitized cocoons 
Parasitism percentage = X100 (1) 
Total no. of cocoons collected 
E. albizziae adults only parasitize MWW prepupae after the prepupae 
have spun their cocoons, but before pupation. This "window" normally lasts 
for 1-2 days. The female wasp stings the prepupa through the cocoon, 
paralyzing it and thereby preventing further development. The larval 
parasitoids, which emerge from eggs deposited on the silk of the MWW 
cocoon, begin to feed externally on the body of the the prepupa, which slowly 
collapses as its internal fluids are removed. Once a MWW has successfully 
pupated, however, it is no longer vulnerable to parasitism by E. albizziae. 
This statement is based on the observation that only on one occasion have E. 
albizziae life stages ever been found associated with the remains of a MWW 
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pupa. This indicated that if a MWW pupa was found inside a cocoon, that 
particular cocoon had not been subjected to parasitism by E. albizziae in the 
past, and would not have been subject to future parasitism by E. albizziae 
had it remained in the field. The procedures used to estimate field 
parasitism rates in this study appear to comply with the criteria for such 
studies as proposed by Van Driesche (1983). 
Each MWW cocoon categorized as parasitized was placed in a 30 ml 
plastic creamer cup. Each creamer cup was capped with a plastic lid that 
contained eight small holes to allow ventilation. Each creamer cup was 
labeled with the zone, subzone, height, and octant of the sample from which 
the cocoon was taken. The cups were placed in covered plastic crispers 
which, in turn, were placed in a a Percival® incubator set for a 25®C (day) 
and 19°C (night) temperature regime and a 16:8 (L:D) photoperiod. Relative 
humidity in the chamber was maintained at 70-80%. Daily records were 
kept of parasitoid emergence. Any adult parasitoids that emerged were 
collected and placed in 1 dram glass vials filled with 75% ethyl alcohol and 
sealed with a plastic, screw cap lid. The number of male and female E. 
albizziae adults that emerged from each parasitized cocoon was recorded, as 
was the number of adults of any unknown parasite or hyperparasite species 
which emerged. 
The data were analyzed with the GLM and ANOVA procedures of the 
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Statistical Analysis System (SAS Institute 1985a, b) as appropriate with 
respect to the presence or absence of missing values. When the analysis of 
variance indicated a significant difference (P < 0.05) between clones for a 
given variable, the TUKEY option was used with PROC GLM as the mean 
separation procedure. 
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RESULTS AND DISCUSSION 
The parameter measurements of the sample trees used in the survey 
are presented in Table 1. The number of trees measured within each zone 
depended on the number of subzones for which a suitable sample tree could 
be located, and whether or not sample tree substitutions were made during 
1987. 
Diameter at breast height (dbh) among the sample trees differed 
significantly between zones (F = 2.65; df = 7,75; P < 0.05; ANOVA). Sample 
tree dbh was greatest in zone 6 and smallest in zone 8 (Table 1) (Figure 6). 
This corresponded with the landscape age of the representative zones. Zone 6 
was located in the older portion of Ames (Figure 1) where many of the 
honeylocust trees were planted as replacements for American elms lost to 
Dutch elm disease during the mid to late 1960s. These trees were among the 
oldest (hence largest) trees in the study. Zone 8 was located in a recently 
developed subdivision (Figure 1) where the honeylocust trees were young and 
the dbh values correspondingly small. 
Similarly, canopy diameter (Table 1) (Figure 7) also varied significantly 
between zones (F = 2.55; Df = 7,75; P < 0.05; ANOVA). Zones 6 and 4 were 
older areas of the city that contained a greater number of mature trees with 
large canopies, as compared with zone 8 where the trees were younger and 
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the canopy diameters much smaller. 
Trunk distance (Table 1) (Figure 8) and dripline distance (Table 1) 
(Figure 9) from the nearest heated structure in the landscape did not differ 
significantly between zones (F = 0.98 and 1.29, respectively; df = 7,75; P ^  0.05; 
ANOVÂ). This indicated that the location of the sample trees within the 
landscape in relation to heated structures was similar between the sample 
zones. Such information was important because it has been suggested that 
MWW populations are influenced by a host tree's location with respect to 
heated structures within the landscape (Hart et al. 1986, Miller and Hart 
1987). 
The 3-year study period was characterized by an overall decrease in 
MWW activity during each succeeding year. This is illustrated by the 
number of infested samples which were collected each year (Figure 10). As 
the number of sample trees with active MWW infestations decreased, so did 
the number of infested samples that I was able to collect. A complete set of 
samples for each sample period from each year would have consisted of 288 
samples per year (four samples per sample tree (subzone) X three sample 
trees (subzones) per zone X eight zones per sample period X three sample 
periods per year = 288 samples per year). The greatest number of infested 
samples per year was collected in 1985 (Figure 10) when 254 samples were 
collected. In 1987, fewer infested samples were collected than in 1985 and 
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Table 1. Parameter measurements (mean ± SEM) of sample trees used 
during MWW parasite study® 
Zone nb dbhc Canopy<^ Trunk® Drip^ 
1 U 29.0±4.1ab 11.0±1.3ab 8.7 ± 1.1a 4.5 ± 1.4a 
2 10 31.5±3.8ab 10.4±1.0ab 9.1 ± 2.4a 6.1 ± 2.2a 
3 9 36.8±5.6ab 11.2±1.3ab 12.7 ± 3.2a 8.0 ± 3.3a 
4 10 35.1±4.1ab 12.0 ± 1.0a 7.1 ± 0.9a 2.2 +0.9a 
5 11 27.2±3.8ab 9.3 ± 0.8ab 8.8 ± 0.9a 5.2 ± 1.1a 
6 10 42.2 ± 3.8a 12.1 ± 0.9a 7.4 ± 1.0a 2.1 ± 1.2a 
7 11 34.8±5.6ab 10.6±1.3ab 7.0 ± 1.7a 2.3 ± 1.7a 
8 11 19.8 ± 2.5b 7.0 ± 0.7b 7.8 ± 1.7a 5.0 ± 1.7a 
"Means within a column followed by the same letters are not 
significantly different (P ^  0.05; Tukey's test; [SAS Institute 1985a, b]). 
^Number of sample trees in the given zone. 
^Diameter at breast height in cm. 
^Canopy diameter in m. 
^Distance in m from trunk to nearest heated structure. 
/Distance in m from dripline to nearest heated structure. 
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Figure 6. Mean values (cm) of tree diameter at breast height (dbh) for each 
geographical zone 
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Figure 7. Mean values (m) for canopy diameter from each geographical zone 
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Figure 8. Mean values (m) of the trunk to nearest heated object distances for 
the sample trees from each geographic zone 
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Figure 9. Mean values (m) of the drip line to nearest heated object distances 
for the sample trees from each geographic zone 
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Figure 10. Total number of foliage samples collected each year that exhibited 
active MWW infestations 
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1986 (F = 10.4; df = 2,69; P < 0.05; ANOVA). By 1987, MWW populations had 
decreased such that only one-half (144) of the maximum number of samples 
could be collected. 
The number of infested samples collected from each zone also differed 
significantly (F = 6.70; df = 7,64; P < 0.05; ANOVA). A complete set of 
samples from each zone over the 3-year study would have consisted of 108 
samples per area (four samples per sample tree X three sample trees per 
zone X three sample periods per year X three years per study = 108 samples 
per area). The greatest number of samples (100) were collected from zone 8 
(Figure 11). The fewest number of samples (32) were collected from zone 3. 
The number of samples collected from zones 3 and 4 during each sample 
period were significantly fewer than from the rest of the zones in the study 
(Table 2). Zone 3 only had a single tree with an active MWW infestation 
during the 3-year study. Because zone 3 was represented by only a single 
infested tree, a viable estimate of variability between trees located within the 
zone was not possible. For this reason, the data from zone 3 were deleted for 
purposes of statistical analysis when differences between geographical zones 
were considered. 
Zone 4 had adequate MWW infestation levels during 1985 and 1986, but 
the MWW populations declined so severely over the winter of 1986-1987 that 
not a single infested tree could be located for sampling within the zone 
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Figure 11. Total number of foliage samples collected from each geographical 
zone that exhibited active MWW infestations 
194 
Table 2. Mean number of samples collected from each zone for each sample 
period 
Zone # of sample periods^ Samples per sample period^ 
8 9 11.1 ± 0.48a 
5 9 10.6 ± 0.64a 
7 9 10.3 ± 0.62a 
1 9 10.3 ± 0.62a 
6 9 9.1 ± 1.29ab 
2 9 7.0 ± 1.57abc 
4 9 5.8±1.78bc 
3 9 3.6 ± 0.44c 
®Three sample periods for each of three years. 
^Means within a column followed by the same letters were not 
significantly different (P ^ 0.05; Tuke/s test; [SAS Institute 1985a, b]). 
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during the entire summer of 1987. Because the infestation levels were 
sufficient for an adequate number of samples to be collected in 1985 and 1986, 
however, the data from zone 4 were included in the statistical analyses for 
the study. 
The numbers of infested samples collected during each sampling 
period between years were similar (Figure 12), and did not prove to be 
significantly different (F = 0.36; df = 2,69; P ^  0.05; ANOVA). 
Numerical categorization of the contents of the cocoons separated from 
the foliage samples collected during each of the sampling periods of the years 
1985,1986, and 1987 are presented in Table 3. These figures, calculated as a 
percentage of the total number of cocoons collected during each sampling 
period, are graphed in Figure 13. Each season, the number of cocoons that 
contained pupae and nonparasitized prepupae decreased with each 
succeeding sampling period, while the number from which a MWW adult 
had emerged increased. The number of cocoons that contained parasitized 
prepupae increased with each sampling period in 1985 and 1987, and 
remained fairly constant during 1986. 
The parasitism percentages of MWW prepupae hyE. albizziae for each 
sampling period during the study are presented in Figure 14. During 1985 
and 1987, the parasitism rate increased with each sampling period. This 
was considered normal because the parasitoids begin the season with low 
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Figure 12. Total number of samples collected each sampling period during 
the three year study 
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Table 3. Total number of MWW cocoons by category for each sampling date 
during 1985,1986, and 1987 
Year 
Sampling 
Date 
No. 
samples 
Pre-
pupae 
Parasitized 
Prepupae Pupae Emerged Total 
1985 1 78 170 96 386 6 658 
2 88 129 223 359 38 749 
3 88 9 222 105 167 503 
1986 1 64 25 95 117 11 248 
2 76 25 102 75 73 . 275 
3 72 3 103 29 128 263 
1987 1 48 31 72 147 1 251 
2 44 12 175 241 68 496 
3 52 5 202 84 143 434 
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Figure 13. Category percentages of cocoons collected each sampling period 
during the three year study 
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Figure 14. Parasitism percentages of MWW prepupae calculated for each 
sampling period and year 
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numbers, but increase in number rapidly because of a short generation time 
(2-3 weeks) and because an average of 10 parasitoids are produced from each 
parasitized cocoon (Miller et al. 1987). E. alhizziae is a parthenogenic 
species (Burks 1965) and the newly emerged females are in close proximity to 
freshly spun MWW cocoons located on nearby foliage. These females will 
quickly parasitize any prepupal cocoons that they are able to access. The 
increased number of parasitoids present results in a further increase in the 
number of cocoons parasitized. 
Although the parasitism rate varied between similar sampling periods 
within years, the best estimation of first generation parasitism was indicated 
by the parasitism rate for the third sample period. The MWW produces an 
"artifact" (Van Driesche 1983) in the form of a cocoon which contains 
information about its former inhabitants. The cocoons are attached to the 
foliage before parasitism takes place and do not vary in appearance or 
behavior with respect to the presence or absence of parasitoids. Whether or 
not the contents of an individual cocoon were parasitized could usually be 
determined easily either during active parasitization or long after the 
occupants (hosts or parasitoids) had departed. A cocoon that contained 
parasitoid larvae, pupae or parasitoid pupal exuviae was considered to have 
been parasitized. A cocoon that contained a nonparasitized MWW prepupa, 
a MWW pupa or a MWW pupal exuvium was considered not to have been 
parasitized. 
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The greatest potential for error when parasitism rates were estimated 
occurred when a cocoon contained only a MWW prepupa. The prepupa is the 
only stage attacked by& albizziae. My observations have indicated that the 
time period &om when a parasitoid stings the prepupa until the parasitoid 
larvae are large enough to be readily observable is normally 1-3 days, 
depending on the temperature. During this period, parasitized and 
nonparasitized prepupae appear very similar. It would have been fairly easy 
to miss identifying a MWW prepupa that had been paralyzed, but on which 
no parasitoid larvae were yet present, or where the larvae were present but 
were so small that they escaped detection. For this reason, all cocoons that 
contained MWW prepupae, but did not contain any identifiable parasitoid life 
stages, were categorized as nonparasitized. This was true even if parasitoid 
eggs were present, or if the appearance or behavior of the prepupa suggested 
that it probably had been parasitized. 
Parasitism rates could therefore have been easily underestimated as 
calculated through the inclusion of parasitized prepupae in the denominator 
of equation 1. This would most likely have occurred when the percentage of 
cocoons which contained prepupae was high. The data in Table 3 and Figure 
13 indicate that this occurred chiefly during the first and second sampling 
periods of each year. By the third sampling period, the number of cocoons 
that contained a MWW prepupa had dropped to just slightly over 1 percent. 
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Consequently, by the end of the third sampling period, almost all of the MWW 
prepupae had passed through the time period of E. alhizziae susceptibility. 
Samples "collected at the end of the the host generation after parasitoid attack 
has ceased sum events for the generation" (Van Driesche 1983). Therefore, 
parasitism rates calculated for the third sampling period were most 
representative of the parasitism that occurred during the first generation. 
The mean parasitism rates calculated for the third sampling period are 
presented in Table 4. The percentages of parasitism of MWW prepupae by E. 
albizziae during 1985,1986, and 1987 were 44, 39, and 47%, respectively 
(Figure 15). The fact that the mean parasitism rate was nonsignificant 
between years (F = 1.76; df = 2,45; P S 0.05; ANOVA) indicated that during the 
3-year period studied, parasitoid activity was comparable firom year to year. 
First generation parasitism rates of between 39 and 47% were much 
higher than those recorded for the second generation by Miller et al. (1987). 
They found only about 2.1 to 3.9% parasitism of cocoons collected from 
wrapped honeylocust trunks, with ca. 57% due to E. albizziae. Several 
possible reasons for this discrepancy exist. First, the Miller et al. study was 
conducted during 1981 to 1983. No data on first generation parasitism rates 
have been available before 1985. E. albizziae populations may have been low 
during the time the Miller et al. data were collected, resulting in lower 
second generation parasitism rates. 
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Table 4. Parasitism rates calculated for each sample (mean ± SEM) and for 
the total number of MWW cocoons collected during the third 
sampling period for the years 1985,1986, and 1987 
No. Parasitized Total Parasitism 
Year samples cocoons cocoons rate® 
1985 88 2.53 ±0.32 5.72 ±0.53 0.44 ±0.03 
Total 88 222 503 0.44 
1986 72 1.43 ±0.18 3.65 ±0.37 0.39 ±0.04 
Total 72 103 263 0.39 
1987 52 3.88 ±0.67 8.35 ±1.22 0.47 ±0.04 
Total 52 202 434 0.47 
^Means between years were not significant different (F = 1.76; df = 2,45; 
P S 0.05; ANOVA). 
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Figure 15. Mean parasitism percentages of MWW cocoons collected during 
the third sampling period for each year of the study 
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Second, Miller et al. (1987) data were obtained from cocoons collected in 
late October. No information is available regarding E. albizziae population 
dynamics during the season. Low numbers of parasitized cocoons may be 
normal during the overwintering generation of the parasitoid. No data are 
available that would correlate overwintering E. albizziae populations with 
those of mid to late summer. 
Finally, Miller et al. (1987) used corrugated cardboard wraps to serve as 
potential overwintering sites in which the second generation MWW larvae 
would pupate. MWW cocoons within these wraps exposed only a limited 
surface area, because the larvae tended to pupate within the corrugations. 
This reduction in the amount of exposed cocoon surface may have inhibited 
the ability of the female parasitoids to either locate the cocoons or to oviposit 
upon them. Cocoons collected for purposes of this dissertation were more 
exposed, which would make them more likely to be detected and parasitized. 
Parasitism rates for the third sampling period from each geographical 
zone across the city of Ames, Iowa, are presented in Table 5. As with 
parasitism rates between years (Table 4), no significant differences were 
detected between the area means, either within years (1985: F = 1.62; df = 
6,14; P ^  0.05; ANOVA; 1986: F = 1.51; df= 6,10; P S 0.05; ANOVA; 1987: F = 
0.03; df = 5,6; P ^  0.05; ANOVA) or between years (F = 1.84; df = 6,43; P ^  0.05; 
ANOVA). This indicated that the parasitism of MWW cocoons across the city 
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Table 5. Parasitism rates calculated for each sample (mean ± SEM) and for 
the total number of MWW cocoons collected during the third 
sampling period for each geographical zone 
No. Parasitized Total Parasitism 
Zone® samples cocoons cocoons rate^ 
1 32 1.84 ±0.40 4.38 ±0.72 0.42 ±0.05 
Total 32 59 140 0.42 
2 24 2.04 ±0.37 5.58 ±0.67 0.37 ±0.06 
Total 24 49 134 0.37 
4 16 2.50 ±0.68 4.94 ±1.09 0.51 ±0.06 
Total 16 40 79 0.51 
5 36 4.28 ±0.70 8.97 ±1.31 0.48 ±0.04 
Total 36 154 323 0.48 
6 28 1.75 ±0.40 4.75 ±0.80 0.37 ±0.06 
Total 28 49 133 0.37 
7 20 5.55 ±1.32 11.15 ±2.10 0.50 ±0.05 
Total 20 117 234 0.50 
8 36 1.39 ±0.27 3.75 ±0.63 0.37 ±0.04 
Total 36 50 135 0.37 
®Zone 3 was not included because of low MWW infestations. 
^Means between areas were not significantly different (F =1.84; df = 
6,43; P k 0.05; ANOVA). 
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Figure 16. Mean parasitism percentages of MWW cocoons collected during 
the third sampling period for each geographical zone 
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(Figure 16) was of a consistent nature as opposed to only a localized 
phenomenon. 
Comparisons between parasitism rate means for the two heights 
sampled, high and low, showed no significant differences, either within 
years (1985: F = 0.13; df= 1,20; P ^  0.05; ANOVA; 1986: F = 0.27; df= 1,17; P > 
0.05; ANOVA; 1987: F = 1.43; df = 1,10; P ^  0.05; ANOVA) or between years (F 
= 0.01; df = 1,66; P ^ 0.05; ANOVA). This indicated that the parasitoids did 
not preferentially parasitize cocoons in one height region. 
Management of the MWW in urbanized areas has traditionally favored 
chemical controls. Other nonchemical management tactics such as host-
plant cultivars, tree location in the landscape, and mechanical methods have 
also been discussed (Schuder 1976, Lewis and Miller 1984), but chemical 
controls have undoubtedly been the most fostered. 
In the past, broad-spectrum, nonspecific organic insecticides have often 
been the only chemicals recommended for MWW control (Ryan and Stockdale 
1974, Schuder 1976, Craig 1977). Even at present, Extension Service 
recommendations from some states have included no other forms of control 
(Coleman 1987, Johnson 1988). 
E. albizziae adults search for first generation MWW cocoons located 
within the webbing spun by the webworm larvae. The female parasitoids 
move across the surface of the webbing and probe for MWW prepupae with 
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their ovipositors. During such host seeking activities, they would be very 
vulnerable to applications of broad-spectrum pesticides. Indiscriminate use 
of such chemicals has been shown to more adversely affect natural enemies 
than the target species (DeBach 1974, Croft and Brown 1975). This would be 
true of the MWW—E. albizziae association as well, because the parasitoids 
on the webbing surface would be exposed to the pesticide, while the webworm 
larvae enclosed by the webbing would be protected. 
From their inception, one objective of integrated pest management 
(IPM) programs has been to conserve and augment natural enemy 
populations (Stem et al. 1959, Stehr 1982). To achieve this objective, 
insecticide formulations which are nonpersistent and narrowly species 
specific against the target pest should be employed whenever possible 
(Stevenson and Walters 1983, Flanders 1986). Bacillus thuringiensis (B.t.) 
insecticide formulations have been labeled for MWW control (Anon. 1986) and 
are available on a nonrestricted basis. A foliar application of a B.t 
formulation applied shortly after MWW activity had been noticed would 
provide excellent webworm control and should produce no direct harm to the 
parasitoid complex. 
Unfortunately, MWW infestations are often sprayed after severe 
webbing has occurred and the infestations have therefore become more 
noticeable. By that time, many of the webworm larvae have already begun to 
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pupate, and pesticide sprays of any formulation will have minimal effect on 
first generation defoliation levels. The application of a residual, nonspecific 
insecticide would, in all probability, have a drastic impact on the E. albizziae 
population. Parasitoids currently on the foliage would be killed, and residues 
on the webbing would remain toxic to later arrivals. 
Data &om this study have indicated that 39-47% of the MWW prepupae 
can be destroyed by E. albizziae activity. Although it cannot be stated with 
certainty that natural enemies are acting as a key factor in regulating MWW 
populations in urbanized areas, their function as a mortality factor should be 
respected and preserved in accordance with IPM principles. As such, it is 
recommended that Bacillus thuringiensis formulations be adopted as the 
chemical control of choice for management of the MWW. B.t. formulations 
would be effective against early instar MWW larvae, but would not harm the 
parasitoid complex if applied when the parasitoids were present. 
B.t. formulations are not without disadvantages. They are often more 
expensive, more difficult to locate in the marketplace, more apt to lose 
potency during storage, require more frequent applications, and require a 
longer time period before death of the target species when compared with 
synthetic insecticides. Their actual usage in urbanized situations will, 
nevertheless, be very similar to synthetic formulations (Jaques 1983, 
Flanders 1986). B.t. formulations may actually be preferred in urbanized 
areas because of the perceived hazards of synthetic organic pesticides to 
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people and wildlife (Wood 1986). 
If the tenets of IPM philosophy are to be adopted in urbanized 
situations, professional entomologists should support them with their pest 
management recommendations. Whether or not these recommendations 
are followed by the urban populace is often beyond the control of those who 
make the recommendations. I do believe, however, that as professional 
entomologists we have an ethical responsibility to encourage management 
practices that are most favorable to both the public and the environment. 
Unfortunately, such practices may not be the most convenient or the least 
expensive of all the possible alternatives. However, the most ecologically 
sound and applicable alternatives should be promoted as the first choices, 
regardless of the potential disadvantages. This is not to say that other 
alternatives should be ignored. Other options may be appropriate in special 
situations. 
In summary, investigations that have addressed pest mortality due to 
natural enemies in urbanized situations have been infrequent. Data from 
this study have indicated that natural enemies of the MWW are present in 
central Iowa and are imparting considerable mortality to MWW populations. 
As professional entomologists, we should practice natural enemy 
conservation and augmentation whenever possible, by recommending 
management practices that are both efficient and environmentally sound. 
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Such are the merits for the use of Bacillus thuringiensis insecticides 
for management of the MWW in urbanized situations. Timely applications of 
B.t. will effectively control MWW larvae without harming the natural enemy 
complex or posing a threat to people or wildlife. This is consistent with the 
principle of integrated pest management that naturally occurring biological 
control should provide the framework around which all other control tactics 
should be based (Flanders 1986). 
This study supports the convictions of the National Research Council 
(1980), Olkowski et al. (1978), Flanders (1986), and Potter (1986), who believe 
that pest mortality caused by natural enemies can be an important 
component of urban forest pest management. It is likely that comparable 
studies of other urban pest species would yield similar results. Additional 
research related to biological control strategies, as well as other nonchemical 
practices, applicable to urbanized environments is sorely needed. As the 
public becomes more concerned about urban pesticide contamination, and 
legislation governing pesticide usage becomes more restrictive, alternative 
management strategies must, and ultimately will, begin to replace 
traditional chemical controls. 
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SUMMARY 
The mimosa webworm (MWW), Homadaula anisocentra Meyrick, 
(Lepidoptera: Plutellidae), can be a serious pest of ornamental honeylocust 
in urbanized areas. Management of the MWW has traditionally favored 
chemical controls. Nonchemical management tactics such as host-plant 
resistance among honeylocust cultivars, tree location in the landscape, and 
mechanical methods have also been discussed, but chemical controls have 
undoubtedly been the most favored. 
In an effort to develop an integrated pest management program for the 
MWW, several studies were designed and executed that addressed the effects 
of different environmental parameters on MWW biology. The knowledge 
gained from these studies, when combined with data already available, will 
provide one of the most extensive information bases available for any urban 
landscape pest. 
In the laboratory, the effects of temperature on MWW development were 
investigated. Various developmental parameters such as mortality, larval 
and pupal development times, larval head capsule diameters, pupal weights, 
and adult fecundity and were measured under five different, constant 
temperature regimes. Extremely high and low temperatures were noted to 
result in reduced larval head capsule diameters, pupal weights, and 
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fecundity, and increased mortality. Larval and pupal development times 
were inversely correlated with temperature. 
The temperature data were subjected to traditional linear regression 
techniques as well as modem, computer assisted modeling procedures. 
Minimum developmental thresholds for the immature life stages and 
individual larval instars were observed to fall within a range of 8.5-13.0°C. 
Maximum developmental thresholds were calculated for the individual 
larval instars and the entire larval life stage, and ranged from 31.1-33.3°C, 
Approximately 70, 280, and 135 degree-days (DD) above a 12.3®C threshold 
were required to complete egg, larval, and pupal development, respectively. 
Approximately 435 DD above the 12.3°C threshold were required to complete 
the entire life cycle (oviposition to adult emergence). 
In the laboratory, MWW larvae were reared on five different 
honeylocust clones commonly found in the nursery industry for urban 
plantings. One of the cultivars, 'Moraine,' has been described previously as 
more resistant to the MWW, while the cultivar 'Sunburst' has been described 
previously as more susceptible. Results of the study indicated that larvae 
reared on 'Moraine' foliage had significantly smaller head capsule 
diameters and pupal weights than larvae reared on the remaining four 
cultivars. Larval development times were also longer, and adult fecundity 
lower, for 'Moraine'-fed individuals. Fecundity was most affected by rearing 
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cultivar. Adult females reared on 'Moraine' foliage produced ca. 44% fewer 
eggs than did females reared on the remaining four cultivars. This 
reduction in fecundity could theoretically have an impact on MWW 
infestation levels of isolated 'Moraine' trees in the urban landscape. 
Individuals reared on 'Sunburst' foliage presented no significant 
differences in larval and pupal development times, head capsule diameters, 
pupal weights, or adult fecundity from larvae reared on 'Imperial,' 
'Shademaster,' or 'Skyline' foliage. Larval and pupal mortality were 
unaffected by cultivar. 
Although statistically significant antibiotic effects from feeding on 
'Moraine' foliage were observed, the differences were small and may not be 
tiologically significant" with respect to applicability. The observed field 
resistance of the cultivar 'Moraine' and the susceptibility of the cultivar 
'Sunburst' may be because of ovipositional preference selection by gravid 
females as has been suggested by other workers. Results of this study 
support this hypothesis, although confirmation would require additional 
research. 
Mortality caused by natural biological parasites can also impact upon 
urban MWW populations. A known parasitoid of the mimosa webworm has 
been Elasmus albizziae Burks (Hymenoptera: Eulophidae). Samples of 
honeylocust foliage that contained first generation MWW cocoons were 
collected in Ames, Iowa, using a stratified random sampling plan during 
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1985,1986, and 1987. The survey objectives were to estimate the percentage of 
parasitized first generation MWW prepupae and to assess the potential 
importance of E. albizziae in an integrated pest management program. 
Conservative estimates of first generation parasitism of MWW prepupae by 
E. albizziae were 44,39, and 47% for the years 1985,1986, and 1987, 
respectively. The precise effect of this parasitism on MWW populations has 
not been determined at this time. The moderate mortality rates imposed by 
E. albizziae should, however, be taken into account when management 
practices are considered. The parasitoids are very exposed during host 
seeking activity, and would be highly vulnerable to broad-spectrum 
insecticides applied when the first generation MWW larvae were spinning 
cocoons on the honeylocust foliage. When treatment is warranted for MWW 
management, it is therefore recommended that Bacillus thuringiensis 
insecticides be adopted as the treatment of choice over broad-spectrum 
insecticides to avoid harming the parasites present. 
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